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1'h• steatly state Md short ?????????perfol'IINUlce of aut-link 
fuaes la btvastlaatq. •• U la affected e., the ~etlc. field of 
the narhy returu.1n1 curreat aad the current flowlft.l Ia the f•e 
UtJcdf. The fuea 1UVMU'I4ted art!' low volta&e (600 volta or leat~) • 
t~ulr.l,...Uok fuce• wtth :ratlnaa between 400 ad 4000 •per••· The 
effects of the above men.tloned uanetlc fields upoJt tho steady •tate 
c:urre11t 41~~ttrtbuUon vlthttt the fuse alld upon t't.ae Mehaatcal forces 
acting on tbe lncUvldu•l fuse U•k• are cah:ulated, white the effecta 
of close prox.talt . , of the r-eturrdna curr•t upon abort circuit fuse 
perforun.:'~ .-r~ sb~ by eltperlaeatal results .. 
Re'aulte of tile ate.a.dy state lnvetrsthlatlou r•veal tbat only 
tdlaht EJtteady atate un"ual current dlstdbutt.oG reetdts from the 
JUIP~tle field pro4u~ed by the fue'• .-earby return.l.ng currtmt. B1dn 
effect in a Dlti-Unk fuae, ,roducecl by tbe -.-euc U,eld ceMI"lit:M 
• 
by eurreftt:a ln t.he futu!, wu ,afao found to be ""' aUaht.. :ta aU 
steady etate tasttt~J force~ .-etln& oa tbe fuse llaka vere calculated 
to be of very aall -aaltude. 
Close pro.x.JaJ ty t1f retumhtl •hort ctre•.&lt eurrtmt. produced a 
euaa.t ··~try tn the fuu•s aoot't ctteult tnterruptt.m ......... ~ 
pr~ht& lu:oken fuse u•rs wldch did not suetalft arelnJ. U: waa 
found tb•U; rKnte of t~ -.neUe field phenoaeaa taveat1aated hlndel' 
t .. 3n:oper perfor"tZanee of JNIU.•Hnk fua~,s,. 
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to tiM! past. little tlleorll«.leal work . _. .._ .toae c~eniftl the 
tM efl'ecta of upet!e f lelds upon fuM perfoi'I!NIM.e.. tt is tbe puQOU 
of t:b:bt study to detenlia~t these •ffacta oc fwaes ep«rat1l11 Utlder botlt 
st.-..Sy star:e and short etrctdt (!>OucUtlou. ~ l~W8ati1aU.oa of ataady 
at.-ur fuae per.fol"hAe.e eOMill'hi the effeete; ot' Q:Pvttc f U:!!lda prod•.t 
by ( 1) t.he e.urrut Ia the tetvn com:tuctot, ad (2) eut-reats J.atemal 
t(!J the fus• 1te•lf.. The abort circuit ,erfo~pce lnve•ti&at.lons deal 
vUh tba •ffeets that the clHe pro~;!lli.ty of tM retum cc.m.Guctor 
eurreftt baa upoa the fvt~e•e short ctl"eutt perfortUAce .. 
~ volt.qe fuaea (100 volta or let~a) a·re aptor.ed !D a vadlltY of 
tftduBtrial mut. c~ret.a1 app1teaUou lD vble~ t:a.y MJ k lr.aflR1'aCN 
by the uaaettc flel4a produc:IM by· aMrby eurreat CHI':"i"' ~onduetors .. 
rtaure l shove ne.h o appl teation ia Which a fue Ia loe~;t.S to e.loM 
,roxta.Uy to ita returft eonduetor * Two faaea are &IOlteted •We ~ adele 
.b1 a ~lftlle tMM dtae.onmn~t w:i.teh. 
1 
haea uy he alao poaitt-- near eurrftt c.atl')'l'*l t::Ofldvcto:ra, 
otMr tlttm thelr ova :retul'n c:oadtlctor., O.e COBIOD :aituttoa that arlen 
occurs in throe phaae d:t•.com~Mt avU:e._,, viMll'l! three fuses are ._.te4 
aide ·by able.. ln thla application the eurrut ca'fl'111'11 c:OI'Miuctors (or 
f••••> ftMt to a part leular fqe Jn the twitch aot alr e.ury the fUM •a 
returnlnl current but. also adiltiont load curttmtth 
The fus4UJ eouideru la this .atd' are of the Mltt .... u.at Wtrlet,; 
i.e. , futuuJ eoqtnu::ted with two or .ore parallel cu1rrent careylq 
el .... ta.. Al••t aU fu••• rated akve ltOO ~rea are ·of this coa-
Gttuetloa. All'! •ffttc:t that MIBtttlc flelda haw upon fue perforunce 
are aore noticeable and tm<:h .,.,. s:tptflcut !a •1tt-llnk fUNs thaD 
iu al:nale lirdt fuMa.. ro.- 1eatanee. tmd:er ateGdy atate coftiUtioaa, 
•a•Uc f:telda t~i1h1 eaue .... u-. bt a •dtt-Uek fuae to carey •re 
cwrrent thmi othera, ee.a c•••• the fuae to taternpt belw Ita ra:ttaa .. 
Or dur:l• a :t~bo1't c:trcatt. the MIMtlc field of the returnlna eunent 
aight eMtae one alde of the lltlltt•ltak fue to blow harar thaD the other. 
wtth the navlt that the fuM houaiaa ataht. na:pt:ure or ~n. A.1ao, aulU .... 
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fSU.W aM _...cal 111S.u.e a. tllh . •t•n•••· 
to the lmovle4ae ~f the author • there bu been ao prevl..-. 
"*llahed wor~ dou c~eratftl tbe effeeta tuc ...-ttc ftelds tiaw 
U,Oft fun perfo~Mttee. ftb la probably tMe.tMIH thl• ftbject ta of 
intent~t to l"tJlattwdy fw tmtustd,ea, prillatUy tlw fuH tmtutl'Yt 
and appurs to ha.w epp.licaUOD.s retitr-icted to thea t..tuatJ>ietJ. 
Jku:a'lae of t1da, tiNt l!t•rature wrv.,. cotuhacted ~•• liaUad to 
tcplec~ relat.S to thff effKta tba.t MIMU.c Ue1da haw ~· cun.mt 
carrylua conductors.. First. a atudy of the effeets of tS. Lortmtl 
fore• upon current floviua ia a conductor ta a Minette fteld ,_., 
-""'"' . llii 1 . . 2 . "It . l t.. -•" .kcordlQ~ to P#Yt an\t Soo tlut Lorefttl .. oree reau ta in t.ufM 
phenomena "'ldch, u appear•• eoutd ttoaeetvably ~fct the perfoftUiftce 
of a fuse. These are (l) the Ball effect. (2) the ltttqshauaer 
effect, a-.1 ('J) the ucb.tstical •att• force UfH* the comtuctor.. AU 
tbi<ae fhfmOMM are d1"U5a.a ta a;Qitlle 4tll'ti.U le Appemlbt o. tn: 
addittoa to tb.l.s. tlw Nthod used '' Stwef1Hft3 for calc•la'iftl the 
•tual eoufU.aa betwea arbltraey current eareytaa eoachu::tor• ln • 
lfO\IP vas rnl~. A mod.Ul~attoa of his teehftique• vas u.d to 
calculate stud)' stiit:ct current dlatdhlU.on ln a ault:t-.U.u fuN. 
The purpose of this aaetloa la to aequia.t tlut rufler vith •ltl ... 
ltak fwsu ami the teraiHI.OJJ 1.lHd to diseualnt t.._.. 1'IM l)hystcal 
•ke-up of a typical •lti•liak fup ts ~Qed.'bed, foUowd by a aeural 
dlseualoa of f\J.file pecft~aunce 1m abort: elreutt .and circuit oveTloade .. 
A.. I• .. P.M\JFA.l.JI!Ite-~t.,J!I ,a, ,T&Jcal Lm!, .. VsJtaae !JI~d-JJ.au,f'ate. 
5 
P:l1ure 2 ·~ the e~HDt parts as well •• the ecmatructtta 
uqueat.e of a typ:h:al six U:ak. stn1le riaa. 400 -..re fuce. Plaun 
2(a} •hw• the uter.lala fl"OI.I! whte:h t.be ft~P l• cuatntetech ·two eopper 
emt beUa vtth utmtula, six pure t~Uver fwatble lle~b, a •lalne tube • 
.arc~nehlt11 -~ f.U 1er, Dad a aaml hole plva. Each ~Silv•r ll.ek for 
cbta fue haa U.ve wat apota aa ._.._.. Tha U.aka are first soldered 
betvun the ud beUs as thew Ia Ptxure 2(1J).. lext, the tulle ia .tded, 
dr.Uled. aad plenctd to the ... bena. After t'bla the dfld fUJ.e~: la 
acltfed thr'outth a saad hoi• 1ft oM ead beU., which 11 tun p.l.uged. 'l'he 
eoaplet .. fuM 111tb part c.f the tuM cut way .ta show ta Ftpre 2(e). 
·. 
( ) 
1. 1..,1\,~~nmtl~a ,..PJ£f..9.1!1!!5•~ &f •• r,.ll!• 
The purpose of 111 fWM tr:t a clreuit ta twofold: (l) To q•d.ekly 
clear abort clrcuitt~ ad (2) to t.lur e:lrcult. overloada.. Tbare. ot 
e<M*ru. is •• pr•clae dtwldinl liae between • OYerload curl'ut .&Ad a 
ahol't e1rwtt eurreat for a ~U:lc fue. lmt aa overload or short 
c::1reuit eun-at ia deftnM ·by· the etre.uit lu. Wbteh tM fUM is Uttld 
rather UNut by tho fun.. ta &Mttl'al., howvel'. a 8Mrt clreuu wrreat 
ta maay tt.a the l'at1.ftl of tlw r ... wlllle a OYerlCMi\1 eurrertt ·fa 
.-tly at 1!014t tflm U.ae: thct fDH ratiftB.. u a ruult • theJ'e ah' 
diat:lut cltffal'~e• bettNea the pvf~• of a fuM oa a short 
e!reuU au oo aa overt~. 
1.. s~rt <:.t.ret~~t. rsrfomv.~P: 
7 
Fwse.- are deatsMcl to elur hu¥)' abort eireult:IJ la approx!MtalJ 
ou-ulf cycle or leu on 60 cycle altRnatlftl cwrnt. To :IU.ustrate 
tbis eleariaa action a 400 ~refuse •• t:est-.1 lu the cireuU ..... 
in FJaur• l(a). Tba circuit iuJ4 a low ~ fae.eor ad a H..,r.!St!,-
U'Jl!!tris•\. ~ cu.um.Jlt of JB,$00 _.,.,. •• ,. Tbat ts, if the fue wre 
repl.a~fMI .,_ a eoaduetioa ur tiM stu4y atate rws. euttect tlmt ~ld 
flow t.a 21,500 -..rea.. The actual eorrent that. woul.d flow ta aeaeral 
bu •• aa,....tr-1-:al G~t. P the fil'at ~ral c:yet.u causina the 
currnt ,_k to h aruter thllft 1.414 x 21,500 ..-rn.. !hia 
ae,.etr1ea1 Ct.lfiPOUU.t ta a funeuoa of the c:lrcutt power faetor. tndteh 
clotda& cpoiGt. aNI. o·f course, etreut.t ~--~·· :tn 'Iaure ,(b) ttl• 
aa,..trt.eal e~u.et aad proa~tive eur:nmt 111 abte.hM for a 
eloaiftl potnt of o dqreo• oa the 60 e'elfl: aauree wltaae w.we. ltor a 
atvp clt'eutt power factor, the laraest pro.,eeUw pea'l eurnmt ta 
obtained vtth a eloet• pa;:lrat of 0 deere• (OJ' lit dMne.a) ou the 
volt•• wave. Pro..-tl.w pealt eurnmt Suer•••• wtth 4eenatdtll ·PQU~I' 
facto.- to a ._ilrlull of 2. .. tna uaes tiKt proapecttw ma a,_tJ'!eal 
current at. a power factor of Mro .. 
Aa shotm ta 'tlpre l(b) tbe short ctrctd,t cuneat ts ialtlated at 
u aaale of 0 dtt~n•• oa tlw- aouree voltaae .,.,.... The 8Mrt elreuh 
nrreat lle(ltaa to Uew c-attal~~& r2a heattq. partleularly at the ltak 
wa'k wpota. As t'- e.u.rr~·•lt entbwea. an weak fi,Ots M.h et 
• 
t•O 
v0 (t) • 60DI,Fata(377t) 
• 
(a) 
_ .. ...-.-- proapecttve eunent 
,-~· 
, ' 
, ' , \ 
......... -.. ' \ L a.,_.trleal ..v, ............ ' c..,_.aac I ......... ,,.__ . \ , 
- ......... ____ \ I 
20 .... ,. 'r(t) -~· ----------,--
' t 
' • I 
v0 (t) .1 
,., 
"""" \f • 
(c) 
\ , , 
-.,.,. 
Melthl t 1t. 
Arclaa t 2c • 
Ptauna 3. laterraptloa vavefo-. of a 400 _,..,. fUM tested at 28.500 
...,.r• (ru pr_,eetlft a,_trleal euYreat) 1 (a) Teat 
elrcutu (b) CUI'Nat wavefo.-; (c) volt- vawefon~S. 
appr;oalateJr tile...- u .• (~fa '•' a,.._.. J(~J)) .. ftw .·~ 
reat•taace o.f the lt~JUid walt atot• ~---• l•r•.-. t 2a *·''·• wq 
r:ap.tdlJ <:MD~ial ,._to &aulatiP& qpo~•· l.a.tt.tal.lr tM> ail1!W ·~ 
~t• •• • tuulator •'-• ttc d~• ef t~n.! £~a•::t• Ia ~r-.l.y 
••· Tt..ta r•a.U:a !a tt. ,.ltqe u.r..u the f.- a.-.t 1-..tat~l' 
iaefM'Ii• to va.iu 98 ( . e F!p.l'e W~)) at Md~11 the ~~•ttrta ~· 
bw:uk ..... tatt:tatlaa •~•• at' tM w.ak aJ,'IlOta.. OIM.!l\t tt. al'ea •• 
f~l'Md the &t''t~ n•lstAIH'!:etJ la~raaM ~~ tt. i.ttv~l at'e:• 
U.s p..- ia 1-a·tb atU eltllar t'he eatt.r:• ltat :Ia •..-t..s ..- the 
aft ie q~._. .. A.t t'iM' '•: in tke •f'iptre the M"e has'-- ff~Md. 
-.1 tba evncm·t b ~--to nn> .. VOlt ... v~ ..(t) t~ ·••-• t ... 
• • • • • opec cll'ev.U; __.ce wltqe. 
~ euc:t 81H;.._.t• by w"1'".,." .t'N! 41~'*1• ...... 
detoat••• . - dti..,.lskt• a.re 1• ~ly ..._.,~.. u t~ 
aretas; pr4>Jr• ... It 1• k~ t•t tt. sed --~~- tk a:rt 
tl'aufo~ :i•to ita •Ita 1U.ate .. 'lkt~ f••i• of uod bAa a .. ~-..,., ..... ~ .... , 
efflM!t wtd,e~ aenea 'to d•tofll~tti! the art. n. traufo ...... « ,_. ~ 
aol.t•:UlN to fom. a ll&ae, calllftf 1~-ti!• F•l,prat,e 
ar~ the •r~• •• .~ l&\ F't;;JUt~ S aa tu a.f'~ ~-•-• t~ liMl•,. 'I'M 
total ao.uat of fqlprate f;f)f'M.d •~• t~uh Uak t.:l~ a r•lat hte 
lMicatto. t~ aaoaAt ~..-.,. pr~ed by 4ft'!• t~t t.Mt .. 
Of eOC'tM,. Mt al! of tt. .... t ctl'eu!t ~tw ta ..,~ 'by· -~ 
!U$\h ~ total ~ .,.. PipH !(b) atVM - lmlieatj~ ttMt 
IIIIIDUftt of _.,,, l•t. thrmtab ~~ fuse tl•f'l• ita fZlM:r~-. to 
the ~rtetl cl.rcul.t.. A term (;.'4.~~ly r«·ffti'M to as r:2 t a ~rt~Ca:l 
fndle.at:l• of ttda -.ru *Ur,t-thn11•.. Rillrferrt.aa to fta~re )(~). thr~ 
differat 12t •1-.. ., t. d.•fl .... 
(1) 
A f1m• ta usua.U1 4cud.aaed to keep tbe Total Cleutua t 2t to a •t•~ 
ltld.Dce U is Uw let•tbru tmei"&Y tNt e_.. •struett'tlf.t cl-ae to tbe 
~ i:reul t hetna prot.ect.S,. 
10 
Hfie,,.,,"", t.t staoul• INt noted that t 2t ~- .!S'J tlw lec-thtt.t ~.meray, 
b'•t only aa ta4:leat:iott o.f th:la ••l'IY• For e~t-.le,. the joo.le ~t:tna 
e.,fU'IY let r:hrot~ah a fuse to t!Mr tJhnl"ted prot•ete4 c.trcuit 111 dl!p*mtut 
Ute e(lubaleat tesf.ttaoe~ of the -.ur~-.1 J,Jt"ote«:ted eh<=uit aftet 11 
4\Qfb\ed a1 foU0\1:1• 
.. , 
Joule leatt~l !:aeray Let•'l'h.ru • Total Clnrtaa t•t x R8 
..-here K • t~ equivalent real1tance of the abort.U 
• ptotecte<l ctrcutt .. 
MdiU<m~l .let ... tbru eac,lrlr UJ be rele.~t~llid t.a the protec:ted circuit 
by ~W~PeUc foteea bcttwea c.omluttora CJU"f"11~ the tliMI"t etreutt eurreat .. 
T~wtse uclumtcal fGreetl tao co.u•e 4e8tf'ucttve ~•• to the eireuit. 
Tlw.s, i.n order> to t~lftml;~e tet-thl'~ • .,.,. • ., it t"' ~rt•t for a fu•e 
to Mit out teut«:>kl)' aad thea extin-~dsb ttwl! are tn a mtat,_,. ~•t 
of tiM,. 
Pi.1(ure S(a) •• Ftttul'~ 5(h) at'e pta:otoaraphs of two fusee that were 
s-.rt ctre,dt tested at 2i,500 -.-1'\!la. The fuM flit Pi1Utre 5(a) had a 
e,_t1'l~al lfttefrupt!.cm vtth arproJd.Mtel,r the .-. -t of futJJwrate 
arouml eaeh 11rnk. 'l1w luterr.tttic.m of the fuaa shown ln P:f.fltt1"41!! 5(b) 
•• u•~tr l,eal. 'havtlll tar~e1' ful1turat« fol'IIUUou on oH •dde of the 
futM.. 1'1l1a partlevlat' Uft.,_.trteal itttll!rmptt:ou ws ftf~Ced ltv 
tlowtn• the fut~~ lft • hcri&m:ttal P'•lUoft after ff!IM'IfftJ a ... t l ~uat. 
of ella an ca__..taa aud flllac. lucia ...,_.crt.cal tacea.ptloul 
.............. tf • .., .... - .... of ... , ... co npt ... 01' ..... 
2. PatiMI ,.,,..., 
ll 
"'- ,_,__... of a fu• • etnutt ovwl_.. u _.,.._t •tlfenat 
thaD • altDct clreultth fte .ua •ur .... ta that • OWI'loada a r .. 
..... ,,, taba -~~ l ... ar to cl•r t11a ctnutta Total Clefttna 12t 
•-=-latu .... ...,.. .. c,elee or ..... ahutM. To illMtrate ..,.. .... 
pftfonuce a 400 ...-. ,_ va t•ted at z.ooo _. .... (ftw ttaM 
Ita rattlll) ta tile 600 volt l01r ...-r factor clreatt ....,. to Plpn 
4(a). Ptpn S(e) b a pllotop'apll of .-:It a f•• after thb teat. 
rtaur• 4(1t) ..... that at till• curnat It c.U. t._ ,_. aiiOIIt 0.2 
aeeoada ., 12 .,eta to Mit out alvl• l'iae to a 1-.. •ttua 12t. 
laltlall7 oat' OM 01' tw wall epot• .... the _.._. of MCh llat •lted 
out vttb •r• ..tttaa a the acct• ,...,...... ftta fact Ia nveal .. 
., the ••• nd lout,__ of t._ f•l .. l'ate fOIIUitl- at ,._ ta4tvl.t.l 
-k apoca oa each ltalu ta Pqun S(c) t• laqer fdpcate fo..attou 
oec•~"lal anuwct •• .,... IPOt• _, tbe .. cac of tile !tau liMiteata 
tMt dlelle vea1l apota Mlttrcl out fii'SC (_. ..... anlltl fll'at). n. 
-11 afta .blltlallf fomad at tile wall :QOta hid relatlval' latah 
llonJ.a& volcapa ........ of tile eoaftaM apace _., lttp .. toatatlll 
actloa of tile aaDd flltu.. .,..._ ._., .. volt .... .,.._117 tacn-
• •• ltak Mtet:lal la c••-• ad t ... ana pow ta •-••· As • 
n.ult. ,._ tau-t .. vottap ,..., • ._ ct. fua cautcu,. ....._.. 
tt. eur"nat to a low value ao c•t attacctoa c..U. place vttiiDIIt 
.,pnclaltle volt .. • .....-. 5 
' 
ColtiMt .,_.. D•t P• 404.., 
t•• 
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1n thte atwly a fuse. operattq Uftde~ steady atate coJMilt:!oD41 • 
ia conatdered to he CKrJ1R8 a ~cm•tat al.tei'Mt.tag curreat of a v.alM. 
leaa than tbe rating of the :fu11e. For correct ateady state operatiotJ 
a fuo ••t eontlnucmeJ.y cal'ry thla current wttbout tnterrupttuA., fi!f' 
occafdcmal lnterruptfon of a futur belw lta rattfilt l.t~ uual.h: &ttrUmted 
to one or are of a varieC!f of cauMa ~Neb ut (l) poor eleetrfeal 
contact at the fMrt t~:inala, (2) low ot flllufftciefit ecmv~ettoa air 
eurrate,. (l) hi~Jb _.le:nt telllpt~r.ttute .. (4) brubae of fnq U.P:s by 
repeated upaaalons aM ccmtl"aetton• due to repMt~ he.rn:tq .and 
cocU.ft1: 11 (5) ~Jr••u1e of fWht ltnka due to vibratioul fcncea fr• 
u~netJe f:teJd.s or a.tftl'Ull aechantcaJ "ourcea, or (6) UBa,_r . -tcat 
current dtatrlbutio~ wUhlu the fuse. 
If~ thl:s portion of tbe study aU <eonctd.va'ble effects of tlw return 
condw::tor uam.ttte fleid and the l'l.lpetic ftelda prod\u:ed by eurl'tn'lUI 
vi th!:n the fuae arc tnvestiJ&ted 4 Ptr~;t , dte ckeft& la AC eu.rrern; 
4t.atrikt1on due to u.-ucan,., S,ftd.a~ld voltaaea fr• the close 
prote:JaUy of the retum conductor, and due to skin effect ~ltlti,n the 
fua.e ta ealeulatH.- TIR+n, the poaalldU.ty of _, chan;e In curr.ent 
dt&t:rlbuUoa due to the Lorenta force at:UAJ oa ecmdueti,on eleetrocnt 
ia 1n••tilated, Ami flully. a flt.wly of the IK'I'ebaa.tcal fol!'ce.- producect 
b)" aaaneU,e Held lateractlon& ta udtt. The~ pert:taeat rHtdta of 
tbeae hweatltatlona are .Shcut!'&M tu a ~r.,. 
Ia or4« for iftd~ •ol~ to e•• u ••~t•l ~ 
4lst"",tt.ut1• "wlthia a bM" tke :tad:lvu-1 llllb ift. ct. f.- . _. ~ 
~. wltqea 1 ..... a tha. ln otluW ...... if- M1f!IWI1 ar.rnt 
4:1atrf~lluttoa 1a to a:tat ..,.. llaka ~ -.. 1 .... i~ .,.u._u 
tl:wo otha'a .. 
~1 ~~ VfJlt,.,_ t» a fue c• tr.· ''Uv-14M tau tw t~• 
aeeord,bi(C to t\Ndr ..-.=. (U ~1 wl~ u.lu ... t.,- -..-tt,c 
~ltaa of tbt e~toT carrytftl ~t tf1. ,ad fi"M t.• fue ~ 
(2) a; ... l wlt818cl :lmiucfl!Jd ~tiC' e~ll"' wt,tk ~t:lwf U8tl§ itt 
a t~Ultl•rilll t~e tha -. circle of 1~) fue.. ·~· (0 i~ei 
volta;u a~ -.t p:rualat ~a fue'a ~tatun ~t« 
to al'l4 paraU.al to the fue.. n. realt of i.,.c..S wol.t .... ; of t,_ 
(2) !a e_.ly eall_, skla effeet: Ia a •:hl•rlaa ~~ t'- 1 tne 
the outer r1np have -..ller i~flid wtt..- ..t ~· e.arey att:e 
.:arreat.. loth type U) _, (2) :l.tuced wlt,qea uy M pnH&t til a 
t~Ultt ... rias fuM. tNt of em.tra• ~ (2) wl~a (ski• etfaet) a:r• •• 
pl'e1MtDt la a fwae e~ed of oul.y au 1'1._ of 11-.. 
1'M MtVI't' •• U&DltaM of tlw ~--- .i,ft cltl't•t l"ilf:tl'i'-tla 
ft>OJa tu:ae.t wlt~S~•• of tftM! (U _. t,.e (2) ., t.· hat lll•t~ilt• 
bf· the fcllwi• tbru ..aple& .. 
~ cale:ulattoa tba ~~yr:at -""'"""""''-·'~'··1flill!ft 
a .,.,:e, 5J..s l:l*• Atiftlhl l'i'GI '"• t.• c~cii~•~ 
no&:bdty to ita r•t~ ~mw.im'ftor .. 
touidet tt. •lmf'l.tf ted dtcr• "'' a ata u.a:. •1•1• 
rf•• 400 ...-r• fue ,._utda'l pal"allel to ita 8tt~ra 
~cor a ..... &a Flpre 6 ca:n')'i111t 60 e~le altei'Nt'-
c•rr--. 11 .. TM teraiula .dt~ to tlw ..t hll.a u. 
e.tWatM to ._,Ufy tho probl•,., :u. le .tefd,I'M ~ 
ulalat• the cvl'•t fl~ ta each ltM • 
.U prtWi-.17 st,KN• _,. dtffe1"U~Ne ta eunat 
..... ' tltstrl~M«ta fn~a tu utul .tlst!!'l1Mlttoa .r 1116 ..-•• 




fllJure 6.. A ~d.Jt li!Jk• ~ClQl~ riq, 400 -.er•. fun ~•rryl•~t 
current 'r po~nt.,nN in clo•e pro•iatty to ll• 
ret•u··-n eoid~tor .. 
16 
11 
l.o the arraftl~t al ..... ia rtaure 6, tiJ4 w!tqos lndueed In the 
ladll!t,.ul liab MY w attrlwtu to three «<ifferellt ~mu4.!ea .. 
flr111t of .all, the current Uuvfn& Ia the: eouuctor le.av:lftl th• ·~ 
bella df the f.au uUl i.mtuee a voJ.taJe in e.teh of t1te atx lin1rlh 
lvt, sin.:e the Unka are ~u·r\t.Uit!d s,_ett"ieall,- and aiaee the 
coftductors leave vertically frau. the ee•t•r ot tbe nd bella, the 
... voltage wUl be t:ndueed in each of the six llnket teau:ltlnJ 
'*' no c:hcmae fn eurrent dl.•td'"tion. Therefore, th.t.s souree of 
induced U.nk be llllotel. 
hcoruUy, the link• aM end ~ens fom loop.a uhtch are 
thre.adtJd t~ flux the returrt ti.Onduetor. Tfd.s flux indueee 
vohqe• thf!'ae .. 111e effect of th~se voltqu itt equtva• 
lent to the aa.sumptioa that ..mequal volta&~• ar• fmlvced tu tb.-
htdlvldWil lbtk~t.. llltt ~lo•er a llnlt is to d~:e tittum ~~mc:ctcr, 
the lara•~' thls equlvablat Mltaa• vtU be. In Plaur• 6, th• 
voltaae lndu~ed i• Un.k 1 wUl be lal'ger tbaa tlwt ln link 4, 
for u..,le.. tt ht the•• uaequl. voltca8~tf5 that are prlllar.l b' 
reapontdble for ~ny ua**ual (;Uf'tdt dlstrtbutton .. 
Thirdly, ~uA~ch UJ:lk. viU have an lndu~-ed voltil.fle .coa;prta.t of 
the voltqe induced l":urreut Uwt.a1 tn tt.o othetr ftve Uftk.s, 
plus a NU-int:Juced ~ohflle.. lueauae of the .,_trl~al Unk 
arruaaont thi• t~uced vo~.ta~e will be ttpproxtsatel.y the ~~~~ 
!n aU pi'ovbled tMt all llaks earry appi'oxiNtely th ... 
llimH cV:rrrmt • Ut te4J Uy, exar-t t 1 the sMit ~urteftt -caa.not: f 
•~h Unk ~ecauae of th~ unequal Uuk vc.ltaaea indue:H Uw 
re>turn t:.Oftdu(:tor.. H~er-. ts ••~d tbat these vclta~ea 
eau•e only a. sHaht eha~tfle t~ U.tt.k etarr•t• tr• the ideal current 
di.st:ributloR of if/6 .-apitrcut per Unit~ tn other wrds, tho ehaUJtt 
hl current tliat.rtbvt!on produced by the retuca cou4Ut:ter ts 
as...._d, Mfore h ls ealeulat .. , to bllt "~"' sltaht.. The ftu1 
reault.a shov tbat th.b. att&UIIlptlon is eertabd¥ vaUd.. Theref(n.·e. 
for tbta purpotte of uld.•s Uw foU.mdna calculathma the pa.-aUel 
port &.on or the retur• eon4uet(;f ta ••~ to ~- tM on!!! 
~~KNree of uaequl tndueed voic:aaea.. hsed on t:hts (Ut&uaptl.on 
t~ .:utl'(:!ftt dl&trlbvttou ln tbe fua• ia found as foUOVti .. 
All ................................... ,, .. _ 
all ..._ ..._ ...... u ••a• Ia ,.._. 6. _. ..._ ... •.· 
....... _.._ .., - ...... ' ... J Ill ........ ....,..... 
........ ,, ... ij ... ., ... ,.a,. ... ............. - , .... 
10111 • loop ta dill ,_ • ••• Ill,..._. JW. 1M • ._._ 
, .... ....... of tilt .... ....... , •••••••• 7) .. 
U....· I ..e J Ia "Jt ..e "JJ ••••ttwlf. a.-''-
•••'*' .......... .., ............. &Ill' Ia ·••••1 .. ... 
1'8h ol dw- ol tlae .... CIJIIM&or IS. *1111111 (W ..... , .... 1... !llat .. . 
t,...,. :- (W-l) 
...... lwp ..... ....... ........ fla ....... ... ..... 
liMp • •• wit .... I ... _. Ia tile ......, 19 die .............. , •. 
It f.a t.U 1.., vol'- tMt f•- • •••••I cwtrac 
41~1't•ct• ta tM cucutt of P,.... 7(a), t.e. If 11_, # •• , ... ,,' '.t· 
................ 7(.). ... ......... total .... 
caatluet• fl• ..,, •• lblt. t. Thllt lla 11 Ia tile .. _. ---tot' 11• ......... I' ... .,, ... I'. laflat~ ..... 
• •,·ft,.~a• (IY-2) 
.,, 
nnre .. • tile ...._. ••••101' •r.-ctc lt•ld •-••' 
- • ,._,,_ of ... 
......_. •• ltlt IJ • tM total ....... -lut. II• .., ••• 
llllkj ........ 






t'ilo arM.tr•r~~t 1 !nkt 
~a the t•nfl> 
tndut:ri ln 
t Vltb 
lmfueed t.l'l Unk• f aut~ 
tit• addith.m. 
ladlu~ckl l'!·~" a•U !ndJUC.UOI! 
Unlt.aw aftd tM 
thft ctrctdt t.n (b) .. 
U... wo fl-. an lllu.tnc• 1tJ ....... anu ...._ t• 
l'faul'• 70.). rn. tlda llpn it 111 ...... cut tile total 
NCUI'a COitldHtor .f'IWI c-...1111 tu loop 1a 
(I 'f .. ) 
•. ow, If It ta a.t•..w cut !J tllllucu volta~• iJ Ill 
Ita J atld 11 t..a.:ea YOltqe 11 In link t tun, 
~ iJ • 41t (IY-5) .. 
i • .......! (1\f-6) I dt 
(IY-1) 
It Ia ~e.dtl' .... bf tbta ~eault tha~ Pl.-re 7(a) aad 
7(b) hne tlle - valtce ladue• tn the 1.... Thftefon, 
tbe total wlt- Induced bJ the ret:un conductor tn the 
loop f01'11811 1tJ llnb I aad J In t:M fue aay 'be fOtiiiCI bJ 
calculatl .. the ftccteioul volt ... talaced In each link 
(1, ... IJ) ., tile flux ._... acb 11M cl, ... IJ). 
la _..ttlan ta voltaa• 11 aacl IJ ..._. tn Plpre 7(•) 
each 111lk hu • ... lt:IGMl velt ... I.Dclllced In It. In INich 
link thla val~ Ia ec.prt ... of • .. lf lar4ue4MI ..r. due 
to tlw eurnnt: t• that Ita._. other laclac .. wa, dw 
to 1111tul c-.lba vlth the curnnta ln tile otlleJ" ltnb 
and t ... euri!'..C ln tiM! ecnaductor to ... fna t'he r ... Aa 
polntecl out pnwloaat,, tbta tlldtlced volt- te ...... ,. to 







•. • DC realat•ce of each ltu (.001611 .._, -t 1 • cunat flowtaa 111 u.at t. 1 • t. 2, • • 6 






Itt • ¥Ottaae tlldue., Ia each llak due to Mlf lacluetta _. ..tual 
c.pliftll vlth the ather r- 11'*- _. tile cOiaductol'a to aa4 fro. 
tllefue 
i 1 • total r .... eurr•t 
P'J.aura 1. (a) Cellplttte equlval•t clre.alt for the ala llak r ..... aa4 
(It) _.lfled -a••••l•t elrcutt of t• au llak ,_ .._, fGC' 
tile calculatlaa of ......... ,. t,. '2' •• r,. 
calt:ulau'!!d. n aut uttet that the wolt.a1e if' 11* Ptpl'e 
l(b) l.s not the t<Jtal vcltqe &::f'DiUI tt. ftute, but oaly a 
pol'tiOft total 'V'Oh-e if hi Fiaure 8(:&), since tkt.a. ~w,\ntlt1 
I• of rw lntere.-t to tlt.la prots.la .. 
tn order to stJilft tile equtv~deAt etreult of PtAure 8(b) 
it fs onl)l· nee.essary to dt~.ttemlne the flcti~toua wltat•• 
11 .• il2, .. .. i 6 tndueod by rhe r•turn conductor ht eaeh Unk .. 
Theae voJ.t•s•• are found as toll~' CDnalder the return 
~t:H1tlt.Jctor to k a atrtdtht Cf)tldu~toc- 20 Mtera lon1 witb the 
tua• posU toued paro11ei to l t at lts eidpotnt as show ta 
Fi1ure lh Thi! retura •aaDtUc ftald <bltnsity :tn a 
phsne ••••••1 throuab its •tdpoJ.tn:., and thu1 throuah the middle 
of the fuee. b. aiven by the following e:quaticm. 6 
... +10 
uo It/ da i 1 • • "-.. ·~· ...... I! 11! ,,, 
411!' ,..10 ~( r + z ) 
uo if :UJ 
• - :-- Jlfll.lllillll , •.••. ·•. -·-·· 
2,.r .· 4r + 100 
i • the ratum eo~ctor •&netic: fl.e1d den1it111 
It bl a pla11e pAsstna darouah. its: J~Ufp!)tnt. 
r • t~e r-•U.a.t di•taftee fra t:M ecm.ter of the 
re·t:um eo:ftdu<'!t:or ln the plaae .. 
if flrf!IF t (~t), th• eurrettt Uovln• ~- the . 
· r:e m conductor (tfw total fun ~urrttftt). 
uf1 • the free 1paee value of pe~altt.Uty .. 
. 2. • dltn.:anee alortt the return eottd:uetllr ~M.attured 
it.- ita ente.- .. 
the leaath of eaet• Unk la only .0$ metora, aq. I.V-1 
eaaeftU4U.y aive• the upette fl•l4 density at ny point 
in the fqe. The ainus 81&• of l.q .. l¥ ... 1 ia ft.eeeasl.f'Y since 
the current ta tht~ ttn:ur• coftdu~:tor flmfll in a dtl't~etlon 
....... ............. ........ Ill • ,_ ,.... .. 
,,_ ....... !. u.ll i, t • 1. z. • . '· ... - -.......... 
• 
t, •{lr • * 
.. .,, 
! .. , ll • - •. I A ••. III Ill ..... 
r l•r t/4r + 1• 
11 
• ... •, I, ' u•'......o~-.-...... --
1• 
...... • • la~~th of .... lllllt <- .__.. t). 
(t¥ .... ) 
I'll • 1' ... 1&1 diatattce f.,_ tJI8 Nc.D ......_t_ 
(--.tol' •· 7) to lllll 1.. S. Plp're t • 
...... f • , ..... .., (taba to ........ ., 
ftu, volt•• 11., 12, • • 16 •7 1NI eel~ •Ill 14• 
l¥-11 • 
.. ......... ,_ ............... 11. 1 ••.• '• .. 
,._. 8(tt) ··-··· ~~ ........ , ...... ..s..s. .. ... 
fol~aw&ai •J•• at -- ••l••••• 11•._ .., • .... t._. 
r 1 • 0 .. 009!; ~~~ttu· 
h • o.OSO --t~r 
rtprt~ 9.. fop amJ s'ide vlw of a 11b: Uftk, atnRle rt"th 400 -.er• 
proxlltlty to its returrt comluet'or. 
r•tvm 
eonduetor 
-t,· • -11 
- ,, • • -12 
- -.. ,,.. -., .... , 
14a8 - t1 • • -14 
t,a. - ,, ...... , 
'···-,, •• -1, 
i 1 + 12 + i 3 + i 4 + 15 + i 6 • i1 







.._.,_. lY-12 co IY-17 an a realt of Kirchoff'• Volt• 
t.av •PPlied co aell bnrach _. GCfMtlcm IV•ll reaulta r..-
Klnhoff '• Cun"•t LMI. 
1'he abon aet of ..-ctoaa I• • ll-r .,.c• of eevea 
o-.la eq•U.ona act ...,.. c-.1• ......,.... slaee c• 
a.pla unlcftolftla ct1•, t 1• 12 ••• 16) llawe acaler 
codftoi.Mea tile ., ••• _,. M ..,.l'acad Jato It• nal ..S 
.._,..., tal'ta. Thla Jlel .. tva , .. .,... .. t 1'•1 ayac .. 
ucll af .-.. ..-clou _. aeVtlll ......... • a11ewn Mlw. 
tf, 11 • 101 + .su1 t • 1, 2, • • 6 
- t Vf • vof + jVJf 
11 • 101 + JU1 I • t. 2, • • 6 -t 1 • to1 + JIJ1 
tta. the r•l pol'tloa of the c-.la .,.c. ta 
to5a. 
.... , ..... 1 
- w, • •102 
-vo,. -•, -., .... -., . ..,, 
to6a8- w1 • -106 
101 +to2 +to3 +to4 +to5 +lo6 • m1 
(tV•lt) 















.... J, • -1.11 
... • .~, • .....,2 
.• 9Jf • -IJJ 
- 'f,J ..... IJ 
f ' 
... vJ, a -IJ5 
tJ6a. "" YJ1 • -tu6 
u 1 + u 2 + tJ3 + tJ4 + lJs + lJ6 * tJ1 
(IV--:) 
(l ... Jl) 





~. aolut:bm to tiNt •Y•t• cU&poeed of ~., IV ... 23 to JY ... Jf 
*'"•• ••~ IO.p 1 • 1, 2 ••• •· ~ w1 ;, ta •laiu 
ot 14• l'f ... ](t to 19•.36 atva tcJ1• i - 1,. 2 .. ~ ,. 6. aN YJ1; 
ftd 1,. • tf•lt AM 1\P-ZQ ,11¥8 tM CO!fiPleiJC -'t~lJ f i • t • ! * 
2 ... ,. '· au 'r'· 
ft1a atlte ptD&tl• we pneransaed fR eoltttln • • 
dillU.l c~ter.. 1'tte Fc~tr• p ... r• ..,._. .• ta ~~le ,l .. 
... ~~· lato the ,roar• e:~lst of l t,. ••• •• I' r• t'- ~· 
of l1w., tbe po~tlt.loa of the ret--. ~.._.t«. •• the 
arr ..... t of tu 11eka ... ,_. twe 1 ....... .,_._of •il• 19-
23 to IY-29 aucl 19-30 to t¥-36 :wr• ul•M utq tu ._ .. teal 
tecbe1 ... of ca-·!a llh!d.aat:toa. 
·n. fi"OII"• •lvtlo• to tile equtva!4ft!lt et.rc:at.t of Pta-. 
8(lt) .. 11 • 3001.9! .. 1.8 • .. 101612 oa... aM r 1 aad h as 
dH'iMMI ta f'llol"e 9 ta •·• follows. 
i 1 • 50.00 + j0 .. 4Sl • SO.OO l ,0,12;~ .,eram 
• 50 .. 00 • JO .. Ot9 • so .. oo l. c.tt.,• -.•rr•• 
i 1 • 50.00 ... JO .. !U • SO .. OO l ..... ~.~J..'l .. "' ..,el'e& 
..,.. 
14 • so.oo - J0 .. 214 • so.oo L-R·.l:~~ aperea 
i, • 50,.00 ... j0.188 • so.oo 1.:-0·1~ .,.,. •• 
• 50.00 + jO .. otl • 5th00 J!:.JI•. IIIIP'G'R$ 
r, • )QO.,(IO + ,to .. ooo • 300 .. 00 JJt:., 
i l •. 0 .. 011- j0*007 volt• 
~ lftd1vidu1 lbtk currenta add up co tlw total fue 
(;\lf'l'~~e lf att expe<l\ted.. The ideal. current 4t•tribut!oa 
CCUI'I!IB• t 1 * i 2 • ,. • f6 • ff/6 • SQ.O(J + jO.O 
apt~rea. Thus, ! t r:an be seen that the aetul ct~rrllt1t 
4iatri'b~U<m t• "fery nu:dy the 11leal t.U .. I!Itri""tlOR .. 
hrtbenuore. a 'fUlc" revbN· of ttw equattoas wUl n•eal 
t:tlat the uua,..,.trlcal ~urrent dl.t;t.rfbutton due to tud.uc• 
voltqe~: •utea I f.De.arly w.it:h the total. current.. For 
ln•tnee. tf if • ),.000 + jO .. O uperott all U.nk c:urrots 
would be U2 tU.es are~n.er tbaJa the diatrlktlon cah:Gl.a.tH 
for 300 + jO .. O .-per••· H~er, the percentq• diffcrcmce 
betwen any tvo llnll eurr•Dt• ln tbe fuae l$ a ~on~t•t 
irmepeu•"t of the total e;urreat .. 
E~l&,IV*l -~ tktlt the el~• proxialtf of • fu,a.••• :retU:rn 
<:onduetor bea Ml''f little effeet upon the ettr'fent d:lstr·t.•ution wtthla 
fuses of this type; t .. e .. , f•••• cf .. 11 pbysiea1 •t• .aM low eurreat 
ratin,a.. t'he follwtqg • .....,te aervcuJ to Ulutrate the effMt of the 
return c.oDcluctor upon the ..:-urrent di.stributln vtthl:r~ lar1• fu•• of 
hi&h eurrot ratift~. 
Zr The t.ufleulaU.oa of tt.e evrent .tiatrlhtttoa 
1a a re. IJ t ink. l r1QR fu•e ta eloae pt-oxt•ltJ to 
U.s ret ...... eo~tor· .. 
Por the porpo•e of caleuh•tiftl the ~tt"ent dietrlhutton. in a 
larae fu.e, the .3 :rtac. 19 1lAk, 4000 •pre fu•• of F~re 
10 - poatulatlld. :ntla IUH ... ...-fOUI'tll the ......_ of 
11• kl a actwal 3 cl• 4CIII _,_, '-· .,.lela Ia ca ... Ned 
of M 11 .... It.,.. cllotltta for tllla calcvlacl• h..._. to 
atay within tile lillltatl .. of tM callfu&er ..... .,... deweloped 
Ia I• '11 D-_l. 
Tile ltldul of die 19 llnlc ,_an ... ,._ .. Ia dina rl-
a.f lltllul, 1111 rl•• havl• ct.- t>adit u Ia tbe act•l 
76 ltu ru.e. 1ac11 ltllk of tile 19 liM fue .,..,lac• 4 llab 
Ia ell! 76 lf.D fau, wltll each ...., ..-lvU.C 11* ...,, .. 
..... raunh the r•tatace of • aec•l lllllr... "- acnal 
f .. COIII!IIata of • •J lti'lcal 111"1'-•••c of 12, Z4, 111'111 40 
ltllb ta rlllp 1. 2. _. 3 ..,....ctwlJ• vhlll tile .,..twleu 
f- af ftpi'e 10 II CUUJOII .. Of J, 6, ... 10 llaQ lilT .... 
a.-cctc:allJ ta rtaa• 1, z. _. J dapec:ctvel,. -a-. die 
lOIII wpen ,_ of ,,._. 10 11 .,.roaiMtely -.utvalat 
la eleccrtc:al charact•latlc:a co the .ctul 76 liM 4001 
. , .... , .... 
U.illl the CC~~~SNter pnar• • .,....,_. 111 IIFD!II lf=l c• eurr•t flovlaa ta .U li* - e JG&tMI few • total 
fUM CUI'eat or 3111 + JO.o _,..... wttll ,._ ntura 
ccmd~~etor locac• 10.1 cato (4 1/4 , ..... , fn. c• cater 


















































































































































! !i I 
~ 1B LtR l • !81 .. 0 + i2l .. 4 • ~ ... 4l., ~tl.•. _,... 
e.·rem: i.a L.h. 2 • *·' "" ..... , . am ~IL •lr:~ --:t'-
Ctwreat :taU* l • MO .. o .... J ) ... 2 • *·~.,::,!:;!;•, DJtt•• 
c.r...- irt Ltak 4 • ~t~ .. o + j4J.J • *"'4£ lW! ~ 
C.raac: :to J..lalt J • UI .. O + ~1.2 .... 6 • Jt» .. 41.•. '~ .. 6·.·· lrr••• J • ~1, & h.,. 
C.Wnmt iD L!.. 6 • .a .. l - llt.O • JOI .. t!, ':'"! .. ,!~ ...... 
~t Ia Liak "' • llfl,.O - J29 .. 4 • JU"'Jt. ""1:1: _.,.,._ 
Curr•t :la L!al I • 210 ... 0 • jlt .. IJ • 2M~tl."":~~:4• ••~'• 
c.r.-.-at iD Ll-* 9 • zoo .. e + .. i • HD .. ·4L J.,6.,. -..re.s 
CUret iD J..f,alt 10 • 200 .. 0 + jSI .. I • 211 .. $l .lt.~"~' .,..._ 
eu.r.._t b• Lla 11 • aeo .. o + Ja .. t • 201 
C.r.reat: t . R Ltu • 200 .. 0 -
Curr.at la Llak :u • 200.0..., • 
C:Urfttm. ta Ll-* 14 • ao.e - J38 .. 4 • -.t"U 
CurrMt in .u..k 1.5 • 2.-.. c • j!l .. 4 ·•· 20).1/~.!11:1'::, ·~ 
OWr-.nt :ta l.lal 16 • 200 .. 0 ... j29.6 • ... rM 
Cu.rrut in L1Mt 11 • l:M .. O ... :110 .. 1 • He .. --..........., ........... ,. 
c.r-ret l.o l.lBk 11 • HO .. e + jM .. l • _.,,.. 
Cvtt4tat ta Ltak 19 • JCM) .. G +· jSI .. I •· 101. _,.,, ... 
11M l4Hl tl'WreAt dtatrite.t.le tu •.ach ltal J.a,. of ~-. 
t31GC + ;to.o)/19 • 210 .. 0 + 20 .. o _,._.. ,.., lta~ h• ~:he 
&olutt~ .. ~ thtl r•tun comloct•r :ts 4 1.14 tacW. fr• 
d:lUer~e ._,,_.. tt. eu:rreat.- ta ey t,., ~~ ~~• 
k~ft ltab lt .-) aad te 1) .. 5 ,.._ •• If dw ••rap 
a~t:reat ia ~~~ fue :ua t.a c-. u 2M ~,• tlw 
-~ per~tmt•• •tff~• lu 1tt* e•r.at• ta tu rue 
J,a (8 .. 5/210} • 100 • 4 .. 25 ,.reeat. 
M pot~tted -.. .• th Ullltt• applt.o ... IM ft*t_.. 
e~tor l,• ~Itt~ 4 l/4 ·:tMhlta fl'• t$w ctatef' of 
tM fua. ~U.aee t'ke total f'atUu of t_. f•• Is 2 1'/1 
i,fteheal (~ f'il•~'• !0). a d'f•t~• ·of 4 114 ~~ to 
II 
tile retura coa .. cttw pub lh -tel" 1 )/1 ...... f- eM ,_tulle . .,... ntun cond•tOI" fOI" tW. ,_ -•· of 
coat'•• 1le capaltltt af ._.11111 at t.at 4GOO 1ena. ._ • 
...._ton an .... 117 -.tlllet_. af ....., .. ,._.. of 
,_.llel ._ Nr ..,.,.... fa. .. -*" ., atr...,. ta 
pt'.ote caolllll• A Qplcal ._ ._. -flpntiaa rahd at 
4231 IIIIH• !a I'UIIJ•.t of lOIII' pleeu af 4" X 1/4" ... 
...... It t.a paat•l• ta p1Me the e..._ of till.• p.Ctalar 
-.aflpl'atl• • clOHI' t ... I S/16 I_._ fr• the culle of 
tile f-.1 Alter afflcleat t-lactoa ta PI'OVW.. .. ._.. 
t1ttu reten COilfluctGI' 1lua Ml' .., tlte fue tea ldat.. 
dbt-• ,.,. •• ,_ t-. wuld k I J/1 taca.. • pucer. 
Therefore. tile ,_.lea of •• •l'!tlG'b. c-telll for a 
dtuc ... el It 1/4 f.acbea ta •• ntun ...tuctor, _.. f• 
tile •111._ dlat41ace lite e..cer of "t• tJPtcal ncua 
coaductol' c•• ta pl'acttce, M loeac .. ft'• tile ..cer of 
ct. r-. 1lleM neult• ...., cut fol' IIIICh caadttt .. tlte 
-•••• ,_. . _. dtff•••• ta ltnk cun•t• tu 4.25 
pei'Ceat. 
A ca .. al'l- M&ve• "?FElt 1!•1 1111111 tlae ..... ...,lt r..,..le 
t .. t the .....-1 al'l'•t dletri1M&tt.oa Ia • fUM paettt_.. Ia clo• 
proxtldcy co tee nbln eDIIIIuctar tact'••• atptftcaaclf • t1ae 
rattaa of the,_ tacl'te-· C.lculat,_. ta II le 11:1 • • 400 
_,. ... r- ....,.. that --.-1 anaat Batrthttoa - praettcalty 
IIOMdet•t• llldlar calculatt .. ott • 4010 _,. ... r- ta I! 11 
l!:l. ....,.1 ... --- ........ ~ CQI'I'at •• ,, ........ .., tw 
liatl af 4.25 ,......c. 
Ia -• .... • 4.25 ,__., carnat dtff--- la •t 1arae 
-• to .... lllpnpe.: r- ,_,.._...,. •lace f- _.. -lly 
II 
•lud at 1-t 25 ,.reat la•r ..._ thl 1•11 1_. nnat ..,__. 
aa • eii'Ctllt. It 1• C~M~Ut....,le, ,...._., tllat ••• ran a•tt'-
.,.._ • larp ,_ ,..,,,...., • ..., co tu ntun • ......._cor u .,...., .. 
-r It• ntM value ..... • •t_.... t._ ,.dod tllat t• ••••' 
1
-..r.t, Rlectrlul ~ton C.laloa 50,,..,.. Utcloat f• 71. 
cuneat •tacnllutJoa alaht ,a., • pal't 111 caaJaa • ,.._tun 
latenuptloa of tM r-. ........_., it ••t lie polatetl out cllat It 
... oaly ...... ..._..,. tan ctJ:-=-tac• tut • 40QI ..,.,. f11119 
1& plaad u -1' to J,te Ntun _..•tor • JA IJ 11'.11 IJ:I. Ia 
fact, f ... of tlda abe ace NNlJ ._ .... ta •11111• ,..._ 
cli'CUlh at all• llat Ia tllr• phMe appltutl- ...._. tile ,_ la 
natte, ltaa hiO l'etura coaductac•· !hat Ia. the euR•t ,...ina 
Ckoup a fUM Ill - phue -t ntun to t,. MUftMt thftllllll tha 
ot.._ tw ,.__ Ia • QDJ~etl Ol' ulaaaea tltne .... lfl•t•• 
Ptaur• 11 ....,_the ••t ca•• applleatl.oll of '''• fuea (ad 
othu 1lfah CUI'I'•t IUMa) I Three 4GOO .. ft f- an --~-
altle ., et4e ta a tlw• pita• dlaeolaatlet IIVltch rae• at 4GDO _,..,... 
A t1Plcal apMbl IMit.wen adjac•t f-. 1• 8 1/2 f.achu.l Ia thle 
appllcatloa a f- la OM phue Vlll have voltaan t••• Ia It• 
ltaa bJ CUI'reat flovf.tla la tbe ocller tva ....... _. ~ t.._.a 
llftk ¥oltapa MY eauu AD ...... 1 CUI'I'-t di&tl'lbutloD Vlthla tile 
r ..... 
l• the prevloua ••rl• the cul'l'•t dl.CI'Ibutloa vu calculat• 
llllea • fDM vu SD c:lo• proxllllc, to curnnt fiOIII.aa at • ,._ .. -.a. 
of lW (the ntunJ.Dt CUI'NDt) vlth napect to the CUI'NDC flOWJa& ta 
the f-. rr. tlla aoluttoa It ca 1le -- tllat t11e :laduced wlt .... 
paMiuce lillk cuneate +IG- ol' •W out of ,.._. vlth t'- curNDt In 
ct. Mal'~ conduc:tOl", Ill thl• e&H lbe l'etun .,..._, ... This fact Ia 
olnrt.oua elace the Ideal cun..c ln tM f•• Ia 200.0 + JO.O -..n•• 
llov, If tile curnnt Ill tM aeaO, collllactor le at a ,..._ -1• of 
+120'* or •120" l'&thft tllaft 110•, •• Ia the thr• ,.._. avttch of 
Ptawe 11, lt abouW M expected to llldue.e volt .... tMI pi'CIIIuee ltak 
eurnnta at ettlut~: +30•. -w, lW, ot: 210•. ,._ ~Nat• -•• 
.._ a 1aqe ,..ttlve or ._tlve at .. oaat Ia ,..._ tdtll tM lHal 
llak cun•t• or 110!...£. ..,...... diu pnducbll a alplfJc•t U~~et~•l 
curl'eat fltatl'liMitiDft. h'el .. lniii'J ealeulat~ ladleate l:hat tile 
-••• carnnt di.UliMitloa 111 tile ceatK ,_ of J'tp.N ll MY ._ 
,_, el.plfteut, ,_..,. vltlt a _._ dlff--• lletwn 11'* curnats 
'vttlwn, J.s., pel'••l letter. 
• 
··-· 
...... ll. .. • ..0 II, .. f- ...... Ia a~-- f111•1 .. 
J .. tlt...,_t .wltell. 
J5 
t1le ...,. dlacuqloa llllllcat• thac • ill dept,ll •n.IJ of , __ 
Ia tlln. ,.... clnult• -.y lie a vol'tllelhlle _.Ject for fut_.. r...arcll. 
fte coaputa pl'qca clevel.,.. Ia If 11111: IJ:l- witt• for • ,_ 
to cl- proalldt)' co • CUI't'eot at • ..... -.1e of lW (ta. r-•• 
nwnl .. nlftDt). N• ,r.- coaW 11e .. st,. ..tift• for c~ 
praat.lt"J' cuneate at ., ,... .. -.1•• Rdl • +lW or -120•. Alao, 
!II ... lopllrl t .. PNP'• the ••lU'yi .. ••••tiCID that •the 
calc.lahd cuu.c dl•tt'liNCl• l• appi'OidMtel)' the U..l cunat 
111•t~:l'*tloa• .. ..... U a 20 or JO ,_... _.._ CUI'I'..C 
dllltl'illlltloll ia cala,.c.t tc .,..y M ._._1')' to 1'-.dta tile tn~n. 
vttllouc tht.a ••llf7111a •• ..,,sa. Ia ... t.ttoa It lll.a't u ... ,., 
'to treat U.. llak r•s.t- • WI'I.Dl•• ~"•*"- dl.a • c•••t•ts, 
...... or * ~t•n ..... "-t or u.tataac.. If a ataatftc.t 
.....-1 aarc....C dlatrtwct. .... aut 110t all ll ... .,_14 ..... cM 
._ .... sataace bee•• of u11111ul 1Z. ._till&• 
'1M pnwtou cvo ••nrl• ........ tlla ...... , curnat dlatl'l .. • 
tioa cut al•b la a f- poaltl..t Ia eloae fNldld.tf to Its ntwD 
co.._cor. Ia t._ follovl• •nwrle die .....-1 GUn'at dlatdlllatt• 
lR a .ttl~f.lla ,_. ,_ltloa .. a ...... dlet•c• f.- ttl Ntala 
COIMitletor I• caleulaced. ftu --.•1 cu:nllt d:l•tl'lhtiOD ..._,,. 
fc. Nlf ,..._ .. ltalc wolt .... _. ta ct1111a~ ullat llkta effect. 
r &£' I'& ,. c•l•latl• •f .. , • .,, .. , .... 11 llak. 
I' tt ....... , ... 
eo.tw , .. 76 ltek, 3 l'llll• lt,ODO .,_..f-..._. 
Ia ftpl'e 11. 1'la! 1 ... canota CU't'at 11 illld Ill •••••Ill 
coM t.•tae• fn. Ita rac.a eoaduetor., t.e. ta. nc.n 
cOIIdtletor _, M COIUif.dend to" loeat .. at laftatcy. A8 
...,. Ia ,.._.. 12 eacll , ... lllllt b ,..,..._... ., • 
cyltadrf.cal •1-t of tbll ... natac.ce ..... ca-crtc 
... radtu) u cue of c• 1 ... lllllt. ._.. •1-c 11M a 
nat•taace R8 _. radf.u ~"o• a. ....... t'-7 an 81'1'--' Sa 
three rlaaa of II, 14, and 40 el .... ca. It t• .. aired to 






















~·n• uter (radlu~ 
.. 038 ater (radhua 
r fl., .. 054 •~tt'!r ( radiu~: 
H1 • U {t~~l..,at• ta rlD~t U 
N2 1111 24 (el-.nts ht rlrt~t 2) 





Fhtnte U,. Top vlw of .~ 16 Unk. :J tb'lilh 6000 .awpftre f•••· !aek 
Unk la t<epre.-ent~ n, a eyUndr14:!'al el~nt of the 8Mt!! 
reaiMt8DeO and CMl flS t~t o.f tbe fuft.e tlnk. 
,, 
I 
outside rt.na. ~~ the ~c;mthJetor lea•lQ~ the tend.aala vorb 
to tucre.aae tiwt ttft~Ml ~v;rrent cHstriburicm ta the f.ue.. MDre 
vtU a :uld 14t~tr .-~ut taw dl.aMt.n aft«~ lenath of t~ae 
coftductor• .. 
'l'be equlval~~mt eireuh duu: wm.-.t: M Mlvecf 1$ -~ iu 
r:t.c~r~ ll... lach r.t111 tn tne ft.1M is retre.mtN: by ~ 
braneb ta the equ.IYtalent eil"euu. The rN1atatt~cn• t 81 , '•:2" 
and lel l'epre$11!Rt re.l!pe-~tfvely the ~ulvaleut: reslat.uee• 
~ .· ' - -- - _- -- --' - ', ~ . ·'*t - -. - ' 4Mij rlA&• 1. 211 ~ltd l; and ~rrOttt&. tll" 112, and lal are 
Ute. e"rrOtttl! :rlq l, 4ud l rea,.ettvffl!f. 
l'!;ure ll tMse qwmtltt~t:•· 
The ~h:qe #ources • £13, •~:t ue the 'VoltaJe:ei tadooe4 
!,11 el ... nt:l! 1, ll. atld 31; au thus :t:lftl& l,. 2 ... l 
r•~!peeU.vety. The calelllfltioa ot ttteae volt.aaea foUovtJ. 
pro4\N!ed 
usu.d '"' 
I .• ,.. ~t ... ~J. ·.. l~ 
1 2 "rJ 6rJ + 100 
~re i 1 • the ua,utic fl.e:ld 4•uU:y produced b!f che 
~Ul'f'eftt to el-.t 1 
-11 • t'he •mrrent f lowias ~~ el.-ot l 
r . .,. T:ad.1a1 ditU:&Me f'r011 the center of •l~nt t 
<r> " 
Th.ht equ.attM ~~ f'~., 1Vw8 adapted to t1d.a llftuUoa. 
M dJsC:UII&N in ,ft!!lll~.J .. f:!• !q., l¥•31 li'N't~ l:he -ancrtle 
fteld tn a rplane pas11f.aa thrOQJh tt'w atd-,oint of a 20 aeter 
lOft~ eorulootor.. ~ I.-e e1eMstts., t~r, are •ch 
~l'ter than 20 ut.er• (h • .05 •tera) .. lot., tf tile cO'I'I!duet!(!lr 
lovina each fu•~ tenatui t• eonatdtn•ed to be a cyUrulrh:al 
conductor lO Ntl!'ra lona .,, approxh!ltatel)' the dtaeter of tt. 
fue, the t tetd pw:octu~ by tbe eurrea.t lst el.....,at t shren 
by Ect• lV-11 ltt a,roxlattely eorl'eet. That l•• the lar•• 
cyll•rtcal e~duetot's lMvllltl the fuwe tenl!.nl• u.y be 
13 
t11 • n x t, 
'•2 • 14 X' i 
ilt! • X f 
F!tture tJ. !qutvalet eil't.:'UU; for the cale:ulattcm of t'hft fJkla ef'fei!'t 
curreat dlatrtW.uti(tft 1• a l rl<Rtlh 7:6 Uttk, 4000 _,.r., 
fuat* .. 
n-111111 .. 16 _1._. 111ll11t•• .U I 1111• t ... 1 111 _. 
awrqM ••••.._.1,. • • ~- ... , ta a.,.._. 12 • 
.. ....... , ....... Ia.,- .s •• ,,.., ........... 
ft. 111 • ........... eta .. •••••.,,., •u.cs,. ta ,,. 
v.lda tllat elrur•· .._, lB • •-• .._ ft..U I lft7 
pcetucad •••• el••••t I .,. die .-.. IBI: fW• Ia d•• •t I 
Itt ........ a dltld .. lt:l81., a 10 Mllll' ... ••he._ 
CUTJlaa u. aun.c u d•••• '· • _..... ., ... t ... a,. • 
.. ne&d.ct ... - '* ...... ~ ......... - ._.. .... . 
1' ... , ........ ,18 .. ql~ of .,, ........ ,. , ....... .. 
.,,, .. ,_. , ..................... .. 
a...a.t•• .CtMtt.l &e ..._, ~le _.. _, __ ._., pl.eo• 
of ............... ~ ...... ---·-
_.,__. ....,.. ~--. Ia ._. .-actlcal ~ ltl• I'V-)7 
will atw • fetl"l,r .....- •Ja •f the fleW ._.,.., ...... __. 
t.y t .. CUI'Nat Ia _, el•Jat lA the f- at _, ..,_c.ee 
fr• Oat d-t. 
It the l'e-.a ... ..._ Is ~~·-- to lie leutel • 
ttdlatt• ....... , ... die·-· ... •III!I'Mk fl•lJHSaa 
.s.-t j ,......_. 'J tile e•nat ta el•••t 1 1 IJI' Ia 
• l;~s ·/1s • * 
•.tt 
.... 'u .. I ... la{ • ~ )·.. <•v.•) 
J• \ ~'jt . · .
....... " ...... .. ..... , •... 
"Jt • rallal 41tat_. faa ••••• J to •l•••t I 
• 
(::~t:.l~) 
:r~'itofi~Gc¥ (r..aken to be &0 
As in E!!,!!l~ t.v-l t~ ua~Uid ~t~:rr"'nt dtetr-ibut 
produe:ed the a~ual induce.C voltasea Is ~u~eUI!Mld Nfoye 
it ill ealeulated to be ver-y al1Aht.. That ith it la us~ 
that llktu cavs•s Uttle clum1• In (!'VI'rezrt: diltr1~vti~al. 
a a r•s.ultJ' afpro~t•t..,ly the a.e cvrreat, 11!16 apftre~&, 
n~ t11 aU ttl-.nta~ T• flat resuha: validate tld,~ 
••s~tim~.. This a~aaptlCA aatea lt ,oaatbl« to li1!1Pl1fy 
tv ... •o ·~'*'"'• 1 ·•· tiln:: i 1(• . I ~;~ , )i 
• j ~ ~.o~ ~:£"~_:s nv-41} 
Yolta&et1 i 1, i 13• ilftd 111 ill t:IM e,oulvateat t<.l.reult of 
Pl&Ure lJ ar~ fQ:ued qlna llq. t\'...,41. letUftl j eqal 1, ll .. 
.and 11 n:Yllpeettvll)l\". Th• sniutloA ot the 04uh•aleat 
Ch'f:tdt for rln~ ctu~reot~J rat• '•:a• au Ill 1"88Ults fr-m~ 
the elut.ton of thl fullovi,aa U.:near ayet• af COiftPle~ 
~uationa .. 
,11 .... -'r • -i, (1 ... 2) 
'•a.z -' • -1 r u (1'9-43) 
~., ... ,, ... ,7 (l""'") 
lu + 
'• + 'u • I, (lv-IJ) 
Thu ltDUa- capl• .,.,. hall aa.u.. r ... co tlrt.- .,.,. 
41nelapat tn Reale 1!-1• aad the .......,.,.. lu• lu• 10 , -
. 
. 
..t v1 an 4etellltaad ualaa the teelml«~•• dl~~euaed In 
••nnll1• tv-t. 
ll.aee all •1--• Ia a pa~:tladaJ: ~- RI"I'J tiMt -
CIII'I'IIDtt tile C:UCNDt In ..... el-t tn C .. t ~~- il fDUIII 
bJ d:lwldt• the total rt• cunene b)' ,,.. ...... of rtaa 
elaeata. Tbat ta. 
Cui'I'Ut lfl Bach a !.. 
Bl•at of at• k 811 k • 1,2,3 (IV"*) 
-u vlth IJ.UI I!:J• thta eattn ,ro•l• - ,,..,., uu•• 
fc eolatlOD • a dqltal ..,.e... fte ~lttaa Portr• 
P'~OJr• la t...a Ia .,_..b 1. Pro~r• t.,.t• .ue •.· 11, 
~'tt' ~'n• r 13, K1, •z• .,, _. t 1• (lee PtauN 12 for ttte 
cleflftitton of c-.. (f111fttltt•,) OUt~~Ut• an the eurr81\t 
Ia •ch el .. at of rt._ 1, 2, aM 3 and 91, tile wolt•• 
aero~• the fuae, fte praar• Mlutton for 11 • 3,CMOlJ! 
_,.. .. ..t the •1-t •-W~•••t aad pac .. e.n ... ..._. 
ta rt.aun 12 ta .. foil•• .. 
Baeh of 12 Bl-'• In II .. I • 41.0 • J2.61 • 40.08t-J.7• ..,_.. 
Bach of 24 Rl-tl Ia II .. I • q.o • jl.!l • 40,03l-2•r liP_... 
Bach of 40 B'--ta 1n u. J • 60.0 + ,t1.72 • 40.ML.21l! _,..... 
i 1 • 0.024 + J0.061 volta 
t, • 12 • cto .. o - J2.1U + a • c.o.o - Jt.SI) + • a cu,o + 
Jl.72) • s.D40 + JO.O mpH .. 
n. 1MJ:91 .. 1 U,a e-=r:•t• .... ., ·~ J,..048 • , ••• -"~R~'!'l 
a:a ~ted.. TM. lilM1 e•••~ •t-l'tt.t;A.• f.tt l.~]'J" • 
40.~tt __,el'N per ltftl.. U: ~ ._ ua tat tM e~tl~u,Jatd 
cvr•t 41•~r-.tt.a ia ~ ...,1, tS. :t4•ll,ist:·tt:l~A-.. 
AIM •• lD b.t!fllf£ J..'t'-.l.• the ~tt.-.• la '*"~ d:leu·th.JtlR 
••rtf'A li,..lf wS.th f 1 .. 
Pf'WlM• •~le t:U,a:•tf'attt-a :tkiat at• •lU'-.."'t 
fuea ;t, .... , ... 1, aealitll~le.. ~ r~ltll ot· ··--~~ .,,~~ 
ttt. ux~ ~u.f.f•eae_. -~ t._ ~v.r..-.t flwtat ta .-.,. t• rt-.8 
1• oaly a ._, a.aal:l fr.cttoo •f a ~c•• .. 
To m.ma llcri.H the l'ealta to tat• poS••·• IUIB!! .!!-}~ --· 
4Dd• t!:J. •~ that volt ... a i~ed a fwte t~U'~tl a ..... ttc: 
coepltoa vitb ita recan ~tor""' e-.ltea wit~ ot._., liak• tke 
f.ue :la •st e••• iwve a ..._u.at.,le Gffee;t ~ tlle .curpm.t: dt.ll'.tl'l~io 
within the fuM.. 'flwc <:·~ ie ~reM: 4i.•trt•atio• -.14 :OalJ t.c-. 
sipttteMt uad.r ran e:irc••~• .... a lua• ,_. tt_. 
MI'Y aur to ita :t>tttld'D ~~tar (.- .I.IJ!!Elf.D!:..~· 
M • ....._. Ia Af81Mfa •• elactn. ., ... tlwouelt a __.I.e 
fleW ..,...hace ,.,_ at rtatat -.J.• to •• dt.natf.oa •f tllel~ 
Mloet1t• aad .....,...lcular co the dlncttoa .t tile ••etc II.W. 
!w 1'-le. of cbts ..,._ta fKett ant t ... WI elhct _. tt. Bttltlp-
.._ .. effct. The Itt.._....._ effece ta ...-1•117 fatenatllll slace 
It l'elatea tile ...,._,. fOI'Ca e. • ••.,_1 Joule IMtatf.aa of tlle 
..._.tel' CU'I'Jlll& tile aleec~. aad -.-1 Joala lleatiDI t•tcat• 
a ...... 1 c.l'eat •sat .. tlllllctoa <- •••tx a). 
Ia tbtl caM of a 1aqe fue UI'I'JIIII allei'Utf.lla .....,.... f1 
,_,,.._. ,_atlal to Its n&un coa .. ctol' • ..... ta rtaua 14 t.._e 
f.s a al..,.t --.ual a&"net •tati'IINtloa Ia t1le , ... ceatula _, 
... Mlls 01IUI to tt. attlaa••••• effect. fta .._..esc: fWd 
pl'oduc:all ., ,._ ntttn eoaductol' ,._. t.._.h tlae tendMla _. _. 
Mila, u ..._ ta fipn 14. la&eac:tllll vtt• etii'MDt 11 ta the ,_ c:a•l• alsptly _,. •neat to flov oa t._ .we of till terlltrual• 
aDd aad •11s tal't._t fl'- t118 l'etun CCIIlductQI'. !be fact that 11 
t• • altenatua aneat •be ao •ttfenac.-.tt. Btcl ... ...._ aftac:t 
u still pnaat ovu eacll WI e,cle. 
ane,...1 cun•t •tatl'llluetoa ._ to •• Itt~ aftac:t 
•uld aot, llau1ver, M ,,. .... , ta tile fuaa ltab. wlda joJD •• wet 
.. hlla. 'lbta ............ , ...... ................ tbe 11 ... 
cl-.c co tile ntttnl ....._, ... an alewtl .._ bf colllal- vltll 
the ...... tot' latttee 1oaa Hfon tllef - ,._ ,..._. ,._ ltab. 
llaca tM .... fNS path of • electna Ia a CGDdoctol' at roc. 
t_,.l'atura Ia odsr a-.c 101 • ..,...._. c•ta fact Ia avtdellt. t 
!IMI, the Lol'eata fonM tlfOil COIIIIRtt.. •1•~ • 1tot ..,._ to 
..... a.,. efftteC .,_tile at81dJ state CNI'CeBC dl.tl'l'*t'- lft f_.., 
Ia _.... to vet"lfJ ..,_tMDtallJ tldll fact _. ta t ... ttpta 
tile alat_. of 887 ott-1' ,...,., •• tlat ..... , c••• ..... 1 cal"ftat 




Plture 14. P41l"apactl98 vlev ad end vlev of a f- Ia el08e pro•bttt., 
to Ita retun ~to~. la the _. vlew tM _..tlo 
flu ltDOII pc>oduoed "' the retun eGIICiuctor are •hcMI 
























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































uud. Poe lM&•ce, .,.._ I 0 • 80 -..r• eacll &heiiiOCOIIP1• 
llatt a eeul&tvlty of IS atcrovolta/ns(ltln. fttat la, 
val&qe Y wald G.._..e 2S alcnvolta lf 11 • 11 • I ..,. .... 
Wth 111 • 11.000 ..-• tile wolt.aa ........ if _,, vas 
leaa tltd S •tc:covolta r.-- COIMiltl011a vllea 111 • 0• Thfa 
ladlcaha that ay • ..._. ta eurreat dlatrtiMattaa vu Gill,-
• -11 fraetloa of • _,.nor...._. 0.1 pen•t of tile 
total c:an•t 10 • 
Tile ..... apu.c-t ,.. ,.., ................ --·:kt ....• 
Nlat1M to the field pnduced "' tile eurnat 10 • ta a •ltt•ltalt 
fUIMl ta el ... proxlllt&J to t.ta cetum condactor u aiMI1Ia ta ftpre 14 
the l'MNI'M attutl011, ~c, •lau. Por thla Htuatt•• nfert>l• 
to Plaure 15, 1 ld1llt H s.ooo ...,_. •• vhtle I la ely 210 p-. 
0 • 
llovaer, the Lonata force oa die electroaa Ia -.eh ca• 1a 
approa ... telJ the ._. fterefore, lt ta CODel.t• that tile allove 
c ... lta are valt4 fol' a .. 1tl•lta• ru .. Ia clo .. praalalt1 to Ita 
cecun COIIIIuetor u abon ta Ptav• 14. 
The altove ..,.rlrMDtal _. theocettcal faeta •kW t•c the 
Lunata fane hu no etplftunt effect .,.. tile ateady •tate c:ur~t 
4tac.-ta&laa In a Malct-llak fUM Ia clo• prallllC, to tea ntua 
....._cor. 
c .. 
pr~M~•Q• eur:r•t cazr~ t:~t•• la e1ue Pl'di:ldt!l' to a f••• 
R4 tlw f~'• alf i~ed MPWtit: f:l•141, ~· the ~l'ai 
d:hstcf'i~tt• rit .. l~ t:M fuu wa laft:•;t.:lp~. la tlfja 1 ... 
tal\t ... t
proatre-. •,e~lc:al t·OJrci!!ia aettaa · . ..- a f.- ~a' l.- 'ft!flj(P'!i.ti-OI!t 
t iu <:aM t.t. l 
t'M roti• tM fwn: 
t(t :hlll1t.t1l.t<·rmtr: ~lli!..,.'IJ.,. ita lit:t~N 
.Aa ...,lat.u4 ill ~t (J) ot. _.,..,. a. tt. aeehtai~al ~~.~ 
fore•• .... t~ ~rettt C&f'J'Yiq c,..~tora the Mebe.t~a.t t 
of the Loreata. IOI'ce. ('rhM• f•rcu an eallN •at" for-. 
~-- t'he force ~tlaa on a aquat (Jf 1-.th Lis -.u:t to tt. 
pr~Kt of c.~ t:~t ~tle ftel.t U.tt,- I ~tc~lat 
to the iHIP•t• the 1.-.th of tM> .... ~~t L. ,. the e""'~ 1 
n~. ~~the ••~t.) Tt. -.aitwl.- _. ~U~tig of th "ttl~ 
foreea t.- a alU.•liU. fuu .,eratt• ad« atady •tate c*it.:l_. 
~ eur·ytUI • 60 alterutt-. ~t ..., kst ·~ ·ll!ut:rat.M 
~ the folloviat ._,1_.,. 
.a ·a:la ltak,. 
..-r-. fee ~...arrvt.-. a a1tei"Ut:i~ 
CU'tl"Ut. W'itlt ftO ~tatfle ~ettc a:l.tUi~~,ea ("flttv,m 
~~t~eto:r t.s a laq" ~U•t•~• fr• tlte f._) • 
~ul4er t~ li11k 400 _,.'~''• -~ 
16 ~·'fatiDS at '15 ,ereMt it• ratlDib e.wTy·t&~ HI 
~tM t::~~~a, vlth tim Twtvn e~•,ct"Or • tart• ~t~• 
tr• tk~ ha~uJ" .... •f t~ t~d,Jt Unka hl 
akte!te ... tn r:t.-re 16.(b). the 81ft •l• of tk• ._ 
~. u.eh itak e ..... tats ~~ ~uat ••••n•, 
a-.t ,l ea. 1081 (4 • S .::41 .. )"' M:le.t~ttat ~tlts ••• 














proe<Miu.re lUustratoa the calct~lt~t:hllft the forcea oD the!' 
ceater ••1 ftl.,'" aepwintt ot eaeh Unit w:hen eaeh Uftk b 
e.-rr)" htA current It • 
Stftee tim fuw has a :~,...tr:h:at Unit a~r.._._nt. ad 
as-.tna .aU Uab cat"r,. t.he .... cur-rent 1'1/ lt h1 notri 
that the n.ultaat ttatl'* force oa all Unka wU1 ,,. 
lchtnUcaJ ln -.nltude vith .aU forces dtrectecl toward thll 
enter of the fuatt.. The re~&ultaut for.ce i'1 actinft on the 
center 1 =· ~nt of Unk 1., l • l_. 2, ,. .. &. i• 
t::>lllfub~tH • fotlw. .. 
TOi siapl tS"' c:altulatioR• U. ta a1nawad tNt tbe 
cowluetors aU:I.cbed to the fuae temlnat• leav• vert:teaUy 
ad have a etre~d.ar cross tMCt:lon of radius "f (aee rt.tlre 
li(a)).. U thh: ts as~. t1ten ttmse c.-ductors uy be 
vlaw.diled •• conl!itaU.na of sl~ s:uller co11Abletcrs: arran~;N 
bt th~ ... vay as the abc fuae U.nb in Fl.l"l'ft 16(a). 
Then, the eutreat ltl a.ny fuae UA1t .,. also he aattl to flow 
i.n the fletl~tous coaduetor cUreetly tn U.ne with that .Hftk. 
The•• aas~U.ona are ai.t~i l.tr to thoae ude la ~!~ . ..t,.I-:.1• 
where tktu effect tn a fuse va• caleu1at9d. Like 
.E.!!!!t!!..l:!:'.l... the conductors leavlq thttt fuae are 
eonaldered to ••tend about 10 fiOtcra In e\l.leil c:U.rectt.un .. 
Tb~, lq. lV•l1 ill IS!I,lt J..V:"' ... ~• vhleh gh•l's tlw -.rtet 
ff..eld flrod•~ by the eurr .. t Sn MY Unk ln. thili! fuse., 
filly be applied to tiU,~; tlU:•U<m.. Doln1 thl•• the ~MpeUt: 
Uob! .ten~ity IL ptodu<>ed by the current in any Hn.k In 
the fuae at a dlatartce r h•.om that l:lnk i• 
UV-41) 
~re u0 • the free apaee value of ,.f11M!iatdllty 
lL • the eurr.mt. tlawlna lu each u.a bt the fuse 
r a u •• rail hal dlecaru:e rro. the 1 ink 
a • t ... uanetie Ueld d.eulty profu(!M by the 
1• current. flowiq ln. the lbtk at a dlstanee 
r f:r011 the link 
51 
; t 141 actu111 tht! wct:~W aa of al:l tb foa'eta ae:t~l 
oa ltM. i ., as ~ ta Fllan 16(a) ~ l • 1. 1/t.c '•• 
6 
', ·l:: "'J <rv...tta> 
J•l 
j..-t 
~" 't! •· thfJ VKtor- e~t a£:tt.aa em tlw 
c•~ttft l ca.. ~:t of lt8 i to •• 
teN&I'4fi U:M j ~ 
1'bwelol"e~ ~ll c~t-. 
eo~leula.ted u 
. . .· 2 
lOu. d. I •.... 0 ~ 
f 1 ~Net ~.!aat•. 
* lV ..... l .. 
1 
d • 1 .. 0 eM. (t• eeat•r .,...t of 11• t 
~· ntett •.c:J M't.•> 
'ft. •l•ttos for the r•••ltat for~• f 1., t • 1. 2 ... 
"' 6,. ,_ ~ llafl W6fl ,.... ....... fOI' aoluti-. M 6 di.ttal 
~t«. '1M t"ecultiaa hrtr• ,r~~- ~,.,. ~.i-. 
c. Yld• troar• t• wHta for ,.., tt~•l t<.~ • ~ 
Uftk fue t~itb U• r•t:t.~m ~t'!dlle.tM' ,_a.tltd to aNI ae• 
-.~UtM dtlf.taace fl"t:a tl1e ft.~!llfl'., ~· l't~tt.ll'ft c~tl!)l' 
tre.at-.t u o iflfi•Jtely 1-. •traiafd. 
t:caduetor positl.omlld ,_railel t.~ tt. faae ad ear"lt~jr curr\~ttt 
le were If • M It.,. TtiW.tr,. tbe ~etle :ftel4 deat~tty 11 
at any distance r froe tbe return eomhaettlr i;~~lO 
F<tr the aeneral eue ~~ •n I liAk fun par4Ut}1 t~ it~ 
rett.trn eandu~tnr Eq. IV•41 Ne~s 
( 
111~re r1 tt+l • t~e vector fore.e e~nt~~fit aeti~ on 
• ·· tiw t!enter 1 •.. ·~~tt of 11nk 1 
dfi to ~ "'ireetatt MM:Y fr011 thtt 
return contluetcr (the ~~ ,, e.I•IS'!i!l:ftt 
~Wher• rc~~. N+l • t~be dbwtanee frcmt link :1. to t~ 
• ' · r•et.\U'ft. ~nd.w: tor 
11\r•r:i,J+l • tq. lV-!0 evaluated whea r • 
It eM he t.~een frm~ 11'-Sl .aftd tV•49 tut when ~'t,.l+l 
Is auch lar"er tl)M r 1j (j • 1, 2., ... II) that 't.,H+I 
... coan b'tal-alf le.atU; C~4U''M to Pij (j • l. 2,. • • II) 
and ftq. IY-51 ~e•e• approJdut~tl-, 
,, 
Thfa re•utt is •• t.li"P~t:ted «dnce tbe retura ~ondu¢>tor 
wU.t t:xert l.ltde turce on Hnk t wbea it a lat-to 
, the for~•• on eaeh Unk iQ tid• 
"'~Nll:th" ~3)'1 ..... .,"' ........ ., .... \Udna u~. I•Mrat ~ZC!'&IpUtfl' pr~)81'8 
wUb , .. l t:IJt~-~~ 
~a 1 Ul't.blua vaJue 
i 
ftu~h laraer than *':tj• 
t~ d•~ the radhta .of 
h'PUtd: t•::J pro.1r• are N,. 1 f (t:~ tutaJ fuse 
c-.u·rent)., 'II, tM· poaitiona the lhliUh and the poat!tiO'n 
th«.t retutn ?ro~tr• o~u:put\1 .ar<!! uanU~de 
Th" prosra. 
ahow in Fteure: 
PTt'Jt'B il:t Appeftd.bl C. 
witb the rellulta ~Ut!l)l'4$'•t~ed 
the 
tt~peated 
ae"ton • l. 60 ou~tud .. rt-e anale of uch force vee: tor 
Ute >iUl3l9 8 tned tn Ptgu.r~< 
(~1\ ~4nltell' l (;lt .. ~p;t~utnt l t ... ntNton 
~ce 
Por~~.e •:tn ~enter 1. ·ea., ~-~-Milt ttn 2 • uvton 
OODC'll 
Foree OIJ c:enter l c ... ee~nt of Unk. l • UWtOf* 
mme~ 
Fotce on enter 1 (11 .. -~·t or Uai:. 4 • MrWtOA o..aC'e 
Po.-ce on eentot l em,. •epeut of Unk 
' 
• .001 n..,tftft 
• .. 004 OUt\CG 
'f"OJ'CG (l;ft ~cmter l tm. Hpeftt of llnk 6 ill! ~001 newton 





















































































































































































































































1 •• ar-nta Ia aho ..... ounee. .....,_.., lM: lOCal lora acU ... 
on t._ •ttre ltBk, wlllch COIIIIlata of fiYe 1 •• .... aca. J.e 5 a 
.... • .067 ..... 
lllfore dlansal• tM ,_....le effecca chat tMR ltak forcu 
have upoa fua perf__.• It f.a d•lrall!le to lneatlaat• the effect 
of tile r .. • • ntun coaductor upoa ,.._ fHC•· Ia ,._ foll•l• 
n •rle the effect t ... t ,..lttaalaa a rue ta clo• ,... .. t.t,. to Ita 
retun coaductor haa ..,. the lilll foi'Ctl8 wtll ......... 
, EJ'& l!•St Tile calculation of foa-c• Ia a au U.Dk • 
..... • d.... 400 ...,_. f•• canyl• • altenatJJta 
curnac ,..tct...S Ia cl ... pnxlalty to Ita ntun 
coaductor. 
C..W.r tile at.x link ldJO ..,... f- of I!R!Dll l!::t 
cur,tila 300 ,.,_... vttll lt• return conductor ,..lt:IOIHild 
at a d:l•ae• of .oz •tel'a fr. tile aeatR of tile fuae u 
..._ ln Pque 11. ftl• .,nat..~el, eHI'MpOIIII• to tile 
ntun COII&IIIetor tartaa 011 tile fuae cu.. u•ta IJEl! 
JJ:.t link curr•t 'r. Ia 50 ..,... ... 
'lite force wctora acct.• a t._ cHtft I aa.. ...-nc 
of ucla 11ak wn ..,.c .. ultla the .-n1 c_,.car 
r•F• develott• Ill 1b! IFill!:!· hop• IAputa wn 
U.ntleal to c-.. _.. la !1•1• 1¥-4 ...,c tllllt the 
dlat.._ fa-. tile ceahr of t .. r- to tM ratun eeaductor 
vu .02 •ten rathar th.- 100 •tan. 'fte pnar• 
aolv.t:lon Ia • follCilM. 
'' 
til ~ ·~ 
• ~~$11 ~ 
• otm~ecfi N~ 
• 0--~~5 ~ 
;;it ~~~~~ ~ 
~ -~~- .,_ 
"i#ur• U~. ~ nu f~rc" ~tb• oo ~.lfat~t 1. 




ce.ter 1 eM. 
,o-rca Oft eentar I ... 
F;orce ~ eeater 1 ca .. 
f'or-C'e Oft center 1 •• 
l'orce on ee~tter 1 em .. 
Fore• oft Cflft~4~f' 1 ~-
a..-at of ua l 
• ._.t lt.a•. 
~nt U.nk l 
...... t; of Unk 4 
..... t of l1nii; ' 






















e:•pa-rtson betvean theae rtt3td t• -.and tbo•• of t.tw '""':J.oua: 
rev-t~~al a c~~J:ltierable dtftereJJce 11'1 
usrdtude• and dlr~ttaa.. ln !l!!!l .. t~t J-'; ... ~ aU force• were 
~Me atre,ath a~td •:Ur~tN t~ard Cfl!ftter 
t:uae.. above ruuha alll! Fl&ure ll 11how that the 
the ret.urn co-s¥etor- near the h19fl! alter!!$ 
contl,h!trilbl;y. Link l, the nea:re~t to tM-- retum 
coftductvr. 'h~uw the lar~••t forc-e: acttn-1 •~ u. M to '• 
expected, 1:1 dtt':'eet-1'4 way froa the retvl'• 
, ....... .,,..,.. ort 1~-ia,lt 4t ·1• ae-ea to be t-~- least>--• 
dtrlllet~ t~ard the c•Mer of tlw 
.alaost e~~tncel 
The uxlmwa ~~~tta-a .,. a.:ty oae U.Pk 1•• ~• 
•nt•oned abo\te, t:._t f~rce 44"'tiaa oA Unit I. '~'he t'(lfrce vu 
Us center l C11h INIIM'Dt is lltil1 to ~e ~OUtl mtftee .,.,. 
Therefore,. ti-e total peAk force acct._ on the ~~DU.r~ ltak. 
which 'C,~on.•t•t• Uve l !1.!81 .. -~nt;~. ts S a 2 ~o x .0148 • 
0 .. Ul ~RC.th Ttd.a ._.l._ ltnk fof'~ la about tour tt-. 
t:ht: retum C'ondvc.tor vaa J'ht.)al.t.loaed a l11r1e dhitaftt:~ fr~ 
the fu8e.. Sbl11.~e H: ·ts l•IU'15tdhle to posit too t•'~ r«!'ttu•n 
~oudue t~r auy nuror to the fuu tlwo w:u doae ln tbla 
·~1e, 0.148 uum:e :t• the uxt.a poastltl.• usuetie foree 
that ~ould act Ofi anr oae U'Dk tn thia 400 utpel't.t fuo U 
U :ha ~•trytna 'IS percent of r•ted earrent taml•r sttmd1 
!lt.ate eonditlmt&.. Ot cwr••• if the fWHt eaf'ries a aUahUy 
hlsher st~y at.ate eorrent (wlcb ••~ M: .less thu 400 
.-..u·e• ln t.hts cue) the :MJd._ .Unk fof'e« would be 
~~-t a:reater,.. l.f the fua:e e.arrlea 400 .,.ere<a the 
•xblla link wuld &IRO,;t twice a• treat .. 
TM abo" c..wo exaplellf e;·hat the .aim~~~ ,Osft:ible 
on iitn'Y 6 1 400 -..ere 
f)perat .. under u~·rMl. steady llftate e~itiorut :ls o~:dy akut; .. 15 
ounce$. 'the vU1 ifM:reaae aa d•e 
current carry1a1 capacity of the f11ae le .b:a.1:reu.a. -~ th!:~J,. 
in the foUowlna exca-.ht link foreea are ealcul,ated in a 4000 
fu~e lt clo!le :proxbldty to :ret:llrn 
fi~Jtt.•. J.v.~~ ft•e t:talcul~u:totl of foree:a b~ 4 74 u.~. 
tht"ee r:tna; 4000 a~r.e fuse ..:arry:t.na an alternaUaa 
~urreat of .lOGO ~erea p~alU.ORed eloee pro~hdty to 
it• r4t!turn con.d.uctor. 
wtth tM center tt• t'eturn c'mductor poan. a dhn;.ance 
$108 uter~ (4 the center' of 
cir~taeea to to 
U.s retuvn coft(Juetor-. For tld• rupa, thbJ dbt~Ul<"., wa~ 
lielKt.ed. 1'he fup la cotuUdered to carry a stt:tad:y ~:t1te 
.adtem.atlnl :c:urrent of :1000 aperu .. thus is operat"'~ at 15 
,.rceat of lts ratlUB• 
U: ~houl4 'be un·titH'I~ that t~d~ fv•e Js eaa:entlaU•1 
the •~• 4000 a~~Pere fuse as tut u•ed for akJn e:ffth'tt 
calf!ulation• '" J..!!!Ll• ... JX .... ~. TM ..:vUadrlceal ..,l~nta 
n~ In tb~ ftsae ~ty.,::j arili In thla ft&tt~t 'ftl!plae~ 





















1 .. ~ ""' ... i 
I 
aomreal•t to l'etata two ltllb tn tile lut.de 1'1• (ldaallll 
1a Fipl'e 19) ta o..,_ to pnMI'ft a) Tti'J'. ....,_, Ia 
tile aecal 4000 ..,_. f- t..._ 1.-. en left out to _.. 
l"OCa for t• aaad bola ..._ la na-• lt • 
..... llllk t.a dda f .. , u Ia eM 400 111 1ere f.-, 
CONitlla of ftw ••• rata MCII .._c 1 •• loill• 1M: 
lad:tYiclual llftk fop,• aet:bla • t .. eeatal' 1 •• ••111•t 
of eaell ltllk Wl'e ulcule&ell •PI the CG~~~pUtft PJ'OII"• 4e9'el.,.. Ia lllldt IH• l..c.l of t.-lattaa tM 
pl'Op'• aoluct.oa (74 taiJolatt.o. Ill tlala cue) •• .... .._ 
Ia ,._ pl'evlo• aa&slu1 it Ia .... ..,..tat..._ .. of 
tM ~ .-.r of llrllul t.av.l_. to ...., p•lllallJ 
the .-ral uc.n of tile ltat fOI'ft8,. Ia ft&un 19 tlllt 
raa wl.Ms of .... ral .. ,.,, .. ltllk fo~Ctt ,_COI'a _.. 
..... to ~cale. f'ol'c• actua • u.• Mt _....,. .., 1ae 
•tS.t.S 111 dl'Netl• aa4 ..,.thde • latarpolatl .. 
1Mltwea ._..., fore••· tt. -s- ,_.. of .0181 ....-.. 
-.acta 011 tile c•ter 1 •· • ..,.,of llak 35, the ltalr 
._. .... ,to t11a raton coadactol', u....,. lll tqun lt • 
.,._ total pMk fol'ce aet1111 011 data •ttra 111*, vhl.ch 
coutata of flftl 1 •· ........ Ia z.o • S a .0211 • 
.211 -•· l'bea-tdan, .211 ouncu Ia tlla _.._ 
fol'ca tMt eoalcl act oa _, ltak ta • laJO ..,.l'a f_. 
unyt• a ateadJ atate al,t ..... tl• CUiftat of JOOO 
..,. .... vtth Ita retun e_.uetor poattloMll a dlat-• 
of 4 1/4 taclaea r.- the -=-t• of the f-. 
The allove ua.,le ....,. tbat tile --~ .aellallteal R.l 
force aubjeet• to a U.ak in • 4000 ~n ,_. operace4 llllder ., ... , 
atate coadltloM In a t:•ltatlc ctrcutc Ia .._, ·• .,.... •• W Ia 
!!•1• 1!:1• tt. -- tone a llak Ill • 400 _,..,. ruae couW .. 
nbject .. to .._ operatla& uadel' atead' atatft coadlct .. •• 
ulculat• to ... 15 .,.... •• 1a ach cue tile ltak force oactllat• 
.. CWHD thla -~ •1• _. aro at • f......-J of 120 llert• u 
• .._ ln l'taur• 17. 
fte tklc-.• of tha illdtvf.dual af.lyec fuM liab •• .0177 
lAc"- ta CM 4000 ...... r.. aa4 .0016 ....._ ill the 408 na.-. 
fUH. fta 1...._ ae coutncc• co .. , .. - tldo1m•• ,.._... 
tllek 111118Ch• 'I'M fou wak lfOt• (eae .. ..,.. uc\\ ad,__t 1 ca. 
•...-c) •" pn .. eed ., etc• .._....,... tba Width of the link • 
1tr l'..,.f.lll • pol'tloa of tile ceac• at , .. llak. ftpce J6 ls 
• plao&oal'apll of • __,., In cbe lt.all ..ad tn etta 40tt0 ..,.c• f-. 
Ce DR ..... vUl tell - that t ....... ..atloned liak f01'CU 1 
wllloh an -'1 • -ll fcacttoa of • o.ce Sa ... ltwle, an •t of .... , ... , .. _.,tude to ...... lillk ...... spot ................ titer 
act ..,.,. a loaa ,..., .. of tiM. To tllqcrace thta, r ... ,_.,_.. •• 
t•t• uveral hu_.l' .. lteura ln 4Dt"atloa ...,. ..._ eoadaetad 1t7 oae 
,_ ••faetuw: IUcli t•t• .... 110t of •ffleteat duratl• to -
., ............ 
It I• ca•• practice ln the fu• ladut:q to -17• r._ tllac 
..,. Jalernpt.a (either' ou ovel'l_. or ..._, elrC8l'C) aft• Mift& ta 
• 
HI'Yica .,.... • Pftlod of .....-al ,un. 1• - 1Utaacaa1 a attlll)r 
of ella llllb •• -· • ,_ ........ ,., ......... ll•u ... , ....... 110 
folprate lo~~~att .... All vtll • diact~~J~JM t1l S.CtiOD Y, theM llllb 
ciW 110& .... , ... , al'ctaa .... .,.... ..U.tl1 ....._ Mfon , .. 
antbl •:•utMad. It Ia •t ,... .. ._to.., foe c.nalft vllat ••• 
........ Ia theM l•t_.. fte ...a .,.,. cauld 1lave •- lwolr.eD 
eltw ., -11aa1u1 ILl fOJ"cea, 01" -the7 ecNid han .._ w-.. ltJ 
nstUtad ...... toll _. eoatraettoa of c• llab ....... by heatlllt _. 
cooltaa or tM f- Olfel' ,.rt.oft of loteralttat .,....ctoa.. It is 
._... tlllit t.M lace• rlafillltely ta ,..,_.IItle fOI' ._ ......_... 
llqrrov••• le llak ... lpa Ia receac yeara Ita• ellldlulced tkta 
pi'Oitt.l to - at•t· 
o. _, to .. tarat• the •t•t of ... .._tul BLl t.o••• 
Ia a fuM would .. to taolate thl• effftt fr. tlw llnakap• e....t 
1JJ tat.,.lctent apet"atloll.. ftta coul4 .,. ac.,.,llahed tty operatlaa 
a ...,, ..... or r- ac a con.tat value of _. current (tlaUII at 
,.._, •tllltrl•) ower • •t_.ed ,.rtod of t._. Jtxpetleace 
.._ •hDwD that a fUR -t be ta Hr9lce HVHal ,.. ... MfOI'e 
......... of c•l• twa are DOted. "'-• ccmtt-• .,.rattan e¥81' 
63 
• ,_, .. of •• ••• n .• _. ... dllnla•• .... uauw ..... ,.. L' 
&o a.t!at.e o. ...-s.a..c taa ta .....-. .r _. • '"-· fth 
c,.. .r c.H s. uc._. .....-.-sw • ._ ·~ • ••••• ••t•••tW.. 
If ca. t.r.-ct• tt.t ... w lle pia .. ln.-" • t..c '' ,.~,. .. 
to lle of ..rrtca.t .. ,,. _.. '-''• .., M • wnllllldle .-...,._ 
fwfat_......,... 
Ia the pnce4lll& ,.... ta. ert-.t• tluat -.-etc ftelda ._,. 
..,.. ,._ c•reat dt.acn.wc.toa _. MC....Uul Ullk ,...,.. t.a • ..a.cs-
11'* ,_ ..-.u.aa _..c .,..., acate COI'IIIttt... ..._ .._ 
tanatl.pt.t. fte ..._Jta of •• t.,..t!ptt.a an • · nrl ... IMII..,. 
1. 1'tae poaltlafdlll of a •ltt-lllat ~- Ia clOM praxildty to 
Ita rehl'a COIIdiiCtOI" Ia _, .... c-- a -.ltall»le ...... 
la eurnat ducrlktloa. Sip!ftcaat ...... 111 ctll'l'ef't 
dUtt'IIMttloll M7 CICCR Gill, lD WJ:J rare lut-. .... a 
larp·r.- Ia ,_ttloaeiMq ..... to lta ntal'll CODIIudw. 
See Part......,..!! 1!::1• 111111•1!•1• _. ,_, •· 
z.. IUD effect 1• • •ct•rlcw r .. t.a ,.y alllltt aad _, Ill 
all clraaut-=- IMt l& ... ed. - P•t A •b? fl! 1!-J. 
:s. 'De Mellaaleal force act..., oa a fwe ltak raulti• fa. 
...-cte fleW lllttll'actt- (thll ILl few•) .., ..,. • ,.... 
valueu ...._.a • f•teatha of ............ ta.ntan 
C .... UCCCW 18 I• eloM pNXbdC, to tM f-. ... ~--
oaclllate lletwea ._.. _. thlll.r _._ ,...,.. "-' _, ,...w, •- wea1t -.ot ••a.• tr ,..., act owr a 
.. ,_... ,_lad of tS. (p......,lJ ...,.ral , ...... .._.,. 
•• Put o-•IJwlltl 1•:4• .1!:1• _. D:l· 
,, 
Tile ccn:not alloct cli'Ctllt .,.act• ol a,_ -.11• tlat lt 
pnpacl)' lahftapt a Met etrftlt ...,..., alld wltMa vlthla Ita 
OUI"nnt aDII vol&ap &"MIDI• A "pnpe&- latel"r.,...toa• c-t•c. of 
•••ttall' &w petuae (1) Tlwlt the tue ,...,_... n-.....t, cloae 
co tea ,__. ... ......_.. .... .,..utattOftll, t.e. tlat tbe ,_ 
taternpt• the elaol't etl'ntt ~R"rnt la tlae PI'CIINir" ..., .. ol tiM 
ad (2) tMt tM r ... tatHn,ta tM ...,, clr:cutt Cllftftt 1tlthRt. 
nptKiet tile r- • .... , .. fa _, way -ny ... , .... ,. Potot (1) 
..... 1 ... pl'o1t1• vltb II! ..... , ............... •1-t 
• 
aclnly deterat.Ma tu t......._c•t ~actertattca. fte ...,.1' of 
l!IIU Ia • apectflc ,_. _. tM deatp ·Of die ltnk __. apot• eloael1 
fbc the •tttaa tiM foe _, .,..Ut_. wrHDt, ara4 the an Ia 
.._l.ly .-cW abol'tly after •It-t -.. the 11/, allod ei~"Calt 
curnat t1"78 to nnne dll'eetloa, If 110t INifon • ..._., la RQ 
ran lutaac• a f- will l"ttPhft Rl'lDI ... rt etrntt tatel'J"Uptl .... 
Such aa laplopft lat«npttor. la .. 11, accrtlauted to - • .,... 
of t11e follovlft& ~~ (1) fte ~~hod elrcult nl'r•t exceed• the 
•rc circuit ratl• of t• ,_ (ftla la4tcacw, of c:o~~w:•, • erhl' 
Ia t1la aPfllcattoa of till r- _. Ia no fadt of t11e fu•) • (2) tlte 
fUM caatdMd • f.allffkt•t __. of arc ..-c:ht., .... filler, 
u (S) ...,..etc lateraettou ..... the CUI'ftt Ia tiMt fuae aacl die 
ouneat Ia the l'etlln calldtK'!tow: ••_. lapnper ai'O 41U1111elll111 or 
--.-1 curr•t dhtrDuttoa dwtaa tile ltltai'IUPtl•· 
t.,l'oper abort clreult laC.Nftloaa that occur vltell the fUM 
ta a ftell'at• at..t alw~ OCOK vJ th oae at .. of tile ,_ llll.ovllll 
.... tllaft the ....... •••• the ........... ,, ....... J•t ... 
•Ue of the f•• ,...._, th -1 M'-A tM _. Mll _. .,_.. 
tulte. Tilt• e,. of .,_.ae~oaa. ..-Itt• t• • n,u.n, ., 
eel'talalJ ._ cl__. • ...,_tl'tcal• Mt aot all _,__rlcal 
lllt .. I'Uptt- ~~-- .... ~. 
If A f- pnpert, latert'tll'ttl a •hal't ell'elt bitt lla• laraer 
fulprate r ... tt- ott .,.. atd.e tha• the ot1lfl'r tile lllternptlea I• 
-.,_c:rt.~•l· Tid• Jri.t,.j_.. -.~"j'"l ~att• ·~~:.~>·~•· 
ft'M t.be - p~ t._t e~~ tM :rapt_.;,. ~ 
, .. d~aTM or tutMJ~:it:;r.. For t.b,i.$1 r__. t~ tem *"'-.~r:.rkal 
int•r~ttM~" rat:~ tha~ "*ruptUI"@''"' vUt ~ft'th w ~ 
diaewm1t11 tki.& ,art1e~ar t1Pfli fu_. pwfo~e .. 
u. iii a 1!N'll k~ t:il'l tu. --.r.,t ..... t/bat • tue •• ~ 
a \tN,_et:t':tcal la;terrupt 1.- u. :t• aot ~1.-~1¥ f~.Jl •rc 
~W~mehi~ fUle:t:.. (..h a •tt•r , umt,_.t,r.te•t 
b~tel'napt.l.(lln pie:t!Ui.t- i.e •• pr~~~•• !!"illillli~hli~!t. t 
~ "' alftd fill.tllil' fra tbft fWM' .,rs.or to .a.rt: t .• tl• tt) .. 
V.tVMR t- ., .... ~- :P.nl'~d~~t.·U~y to 
f•M it!fi utumt•l ~cbort clreu:lt wrr•t _. t'Ur ••~trif:a:l 
i.uernptio~ has ut ·~ pren-.Jy la._tipt.,. .• 
tl:w eff~t: of ·t.he ._tte fi•l• •f tlte ntum ~t•r .. the 
abort cirC!uU perfoi!Uftce" r.... 'hM t-.•tt&attiB\ it. dl\fiiad 
iato hiO part•u U) Low CQ:n"at fu.-. i'IDif (2) kip ~r•t fue•· 
tow· carrat fuea a:re 4efiaed •• tl101m r·ated helov 600 ~crea .. 
A ...,, .. of t:ata .,.. coaducttd •lal au liak, •11111• rllla .• 400 
..,. ... r .... •-riW Ia ftpl'e 2 _. ,..__... ,.......,., SectiOn 
IY. TheM f-- llave a ..._t Cll'CUIC taternptloa ntllla of 1GO,OIIO 
..,... .... u ... le ma 8f••trlcal CUI'nDt at 100 YOita.. Pol't7 of 
,.._ , .... were 1111ort clRUit tested _.., • w:We vanety of 
_..tttou: 'hau WN ~ wl.tll t1MI ,_ t. Mtla ftl'tlcal 
_. llorl•atal ,..ttlou wldle •• ,_tel• of tile ntua ....-.tor 
ttltlt N.,ect to ,._ ,_ ws vert• ta orllatattoa _. dtataMe • 
.Watl .. le .-.-c clccw.tt Clll'l'•ta .,_.... 1..- 'I ,540 to 1001100 •r•na 
vltb .... cll'mlt Y01._.. 1'-alal fn. ISO 'fOlta to 750 Wlb. A 
4etaU.e4 daacrtptt• of the testa aad their ...alta aloaavttlt ttae 
coaclut- dl'- r ... tM __.all teat radta .,_n ta Appllidix 
a. 'fte f.tlportMt polata coact..., an ltac• 1telow. 
1. All r .... latRnpted pr.,..Jy. t.e. t1len Wl"e.., npc.una. 
z. Tile _,_trtcal lDtR"'tlou that dld occu an-t 
likely due to ca. fact tluat ca. r ... wen •t •ttNIJ 
full of an ,......_ 8llllfl filler. 
s. Tile poattt• of tlWl nttll'll eoadaetoc Iliad • aotl_.le 
affect.,.. the fUR8 1 alaort cll"mlt puf-ca. 
ftuat for tltta paaotlDlar , ... t1a1n .,,_n 1e lie • .._tvaltle 
conelatl• .....,_ct. UIIIJ•Itl'leal tatenuptt• ... tile PMltloa 
of the retun coMactor. ..._.. Ia ao n..- to llalt.,. tllae ta. 
tat naalta .. w h .., dtff••t foe _, ather r ... .,., .. at or 
ltela' 4QO ••t••· 
• 
If a llllk- ltl'oken tty a -llaaic.el fOI'ce WON It •Jt .. out. 
It vould Mt CCit•IDCe ant... ftla U ..... the pp Mt••• ta. 
ltl'oiiAm •• .. •t• of t11e ltak VOtll• 110t coatlda t1le taatiHMI - fra 
the •Iced and ,.,.rtMd-' ..,.,. -'dell ta ... .., fot' ani•· 
tc vu evt._t chat all ltab of tlae , __ t•ted .-tataad fulaul'at• 
foaat'-• •·••• all llllk• -.tailllld ant ... TMt~. tile _._leal 
ILl fonea aettaa oa ta. u.• • De allol't cti'Calt cq......C fl_. 
.,.... aot •fflct•t to lai'Mit -. 111*8 Won t•ey •lt• oat. 
.,.._ • l'nt• of •• lllaol't circuit teac uct.Uap-.1 1M 
.a- luuat•••- ftl'l'at at •1t""'Ut for thla pal'ticul• r ... 
.,.. Ia ne aetah1Mtl'hood of ts,eao ..,..... ta b, pl• l!=S tile 
_..._ foRe actlll& • che aotel' 1 •· ••••• of any eae llalc -
fouad co 1MB .0141 ... whea cbe fue -. Cll'l"flaa 3GO ..,. .... with 
lt1 l'etUI'II COIIIIucCOI' .-ltiOMd a the fUM t.... liRe the ILt 
fone t.MI'._. vlth the afiU.N of llak etn"raat eM• foRe -. •• 
eutl1 adjut..t for a curl'•t of 15,000 cn ~PH•• That t1, 
....... ,...... . 2 
eatel' I •· ltak MpeDt • (151000/JIO) • .. 0141 
• (SO)J X .0148 
• J7.Q ....... 
M ftl'•t al••• It .... cut 37.0 .._. Ia __.. u.a •fftcleat to 
..... k a tift)' •'* 1pot In a U.ak; hovevel', It -.c lNI ........ .. 
" 
tlat thla fol'ce oal1 act• over • ,. .. , -.11 fl'aetloll of a .,ele. AlM. 
tile llab •• ............... b1 ttahtlJ pachd HDd filler vhlch vUl 
ralat _,. .,tloa of the llllk. 11 vtll IMI -~~ tn tile follawtna uetloa 
tlat f.t taka • COHldenblf lu&• f•rce to c•• ...U.tcal lla\ 
bnatcap. 
fNi.l~fl. retum e~ctel' 'a c:MM!l• ~~~1tr! 
it wu """'"""'ill''"'- to tf!:•t•· o~ ~H·-· 
rt¥tun ~~1~~ 
~U.ft . td bt laf'p,r faq, :!!!\·~·~"' ·tt. soo·tt ~trwt.t etn'rfMt ·~u,<~~ 
~, .. .,,.ter,., !ili~e rat1-sa Mtw.n 1 .. _.. 41GQ ~·5 ~4t 
taat.t. lac,b tu~e ~ e _,.r., (n. ~Ml411ltr 
at 600 
'tM 11bort etrcuH t8t ••n~" thhe laq-.r 
PIA~u:re 2.0 aftd Ff.prtr • t"&M 
aad t~ r•t•n c;~t.cr ar• 111· 
Ht. T~ rttt:un ~t e:'tmfti~ 
b a~t four feet 1~. The poc.-tU•- a06;rl~ ~~-~ 
f!lt1d,.n$.nt <>f this ·~t,. TIM'~- 'bract~ nnu. 
"Pill' at• ta. e•~t.t.tra etur1-. t,. a~e etrc\!i t.. tw t•t 
nt-.• differ vtd1; ret41'~ CfJ ~ t~Rla an' ori•t• tifU:• 
rU'~t ~ tlM ft~~tant cou~tor~ 
rotated 9·fJ dGtrMs f~ 
heft t~ ft.t.M f-.• wu ta~te:l n • W4i 181• •~rt 
c:urreat 101.,200 -.ere~ (nas ~~~u~·teal) at A ;t"'(.lr'll'roil>ftl' 
oa Meh tat ami the tftt r4.WWltfti al"t" tahulat.t 1ft T•lfl< t. ,.."'t ·~· .t 
vu a cal.fkat1M ~et. ,.._ fue w• ~~ ta a ~tM!Gtal ,oaiU• 
il'l the aoi'HI tre•t po.tdUoll.. lt ... e ... tl'd "·~• tu t~ 
lN~ bars.~ lft Ptpr~ 2ft .ad 21. C~i..a 6 ~hrea t• ,. •• 
~U1'1'--.: let tlw ... h the fUH Rf'JO!I tiw ~-~ti.fit etat.. fr8 
o•(';.i!l~'r••· The aut two col-. ••••• a t'l-.•:rUi"'e f'filftJ!t 
the~! ~t of fvlJ;a'.t'at• ~• oppoah:e ~ides of tM ,...,. :L.~ ... tM 
P ur 20. A t 
lo 
Figur 1. r short etrcuit t attna of fu 
to lt r turn conductor. Th fu 
9o• r011 th lr position ln Fiaur 20. 






















































































































































































































































alAe __..., ce •• cecun. ...... ._, _. tllac f•ttaeac fn. tt. 11ta 
•ur ..... ..._. the ....._. ID u. tw aol- ladlcatu t1te •••* 
of ..,...cq ,,_t ill -h teat. 1o obulll tlaCII •••"- &lie atae of 
..- ful.pntce forMtS. -. l'at• 1 to s. acc:ont• ce tile -1• 
'' 
....... 1D ......... u. fte .. .._ .. ~ ... - ... a.,a&ed m tile lllttll 
of .... •W•· 
Ia - .-. ""'*- lf.llb -.-• fOUI'II vlllcll eonc.IMd • 
ful.-ac.. 1'118 lac col- Ia the tabl• at ... tlla ........ of ...-h 
11a1ca. ,._ .._ fullvac.- ltau .,..,.. •• lnclU... Ia the falpl'ate ... _.., ........... 
'1118 followl. .. •u pl• tdll clal'lf' ca. tat pco .... n ...S the 
catMilatt. of tlut t•t r'MUlt•• 
1- ..... UIIklll-1 1a-lF 
•••• nr••• 
1- 1!1,_ 1lak ia GIIIJI-*tGF ••••1•11 
._ Me 11.._ • .....,_ lta11a s. ... ,_, ........... 
"J 1: !:J• T•t ao. 9~ TaiJle 1. llloft elnuf.t tat of 
a r 81t 4 U.alt. 4000 0 _.. '- oa 1••• ..,._, 
600 volta ltl • low ...,... fMC. ef.rautt • 
.. t..C .c..., tiNII ............ t ... , ...... .
20. fte dbtaac:lt •c.w••• , .. eeater of tM f- _. t11a 
ceat• of ca. ncun ...._tOI' .. a11aut 4 1/4 ,..,. ... 
'liMa t•c.t••aua .._t c:Ucutt cuneat flovl• thr'auah 
ca. f- Mil wl~ .,... tllle r ... ...._ tile t•t _.. 
..._ ta f"IPI'e 23. TIMtM CU1:W111 Wl"e nproduc .. fna tha 
Dl'l&laal oactllep• .... ._.t.aa 'the t•t• fte eloal• 
potat for cilia hat (.- tile ellllt .._. e-ta) wu at 0 
..... _ oa ta 80VCe wltap vaM alloiM u tbe rafenac:a 
la ._..... IS. It - lte 1MD that t .. I- cl .... the 
altort cUault ~1Kt11 t.a .._t .6 e,ela. ,_ euft'Mt 
• ..,.,. fatleatea t1ult the peale carr•& let tllnulh tlw f••- ..,_, 170,000 _,..,... ( ... col- 6 of T•l• 1.) 
The aext ftpre, f'Jatll'• 24, ta a pllotoanph of each 
aide of die blcMI r ... vttlt • pol'tlOD of tile tuM aut awq 
fr• eaek aU.. PJ.pn M(a) ....... tile aW. -...- tile 
l'etun eotlllt~etor .acJ 24(•) • ._. tM OfPOilte aWe. A 
CGIII81t ... M&IN8D (a) ... (') ..... t .. t tint fwlaal'ate 
fo ..... ct... la the outll.. rt• vtat•l• lD (a) are •••.what 
laqer t ... , ...... ,,.,.le ,. ('). Alao. t.a (a) • lint cut 
coataf.Da ao fulprate Ia vt.at•l•• 
laeh fillpl'ate fom.tlOil (OM f--tl- fot' each ltak 
poattloa) ...... , .. vltll ............. 1 ... 5 ......... 
to tile Ieala ....,.,. Ia Ptpre 21. Llllb tiUtt eeataiMd • 
f•Jcu"••...,. rated -ow • ._, l'attlll wu neOI'cled • dw 
ltalt dtaar• lOt' thta r ........ ta ,...... 15. fhil ,..tctoa 
of the retun COt'llluctor Ia relatloa to tile I•• .,.. • 
..._... Ia c• flaW•· fte .,..._ fulpnte •1• - c-. 
• .,.ced 101' Moh •We of tile •-· t.e. • the •We -"*' 
ct. retft'D ~tor (to ca. I'QM of ca. .-. 11• ill 
ftpre 25) ... the •lH fart._t f~ tile Ntun Gallductor 


































































avera3o fulaul'ate B~Jae of 2 .. 84 whUe the rtaht sld>t' avera1e 
va• 3. :It.. Theae values are tabulated tn <::ol:DQ$ 1 8 
Table 1. 
The Uftka ratt' *•o•t, Hab t"at t!Oata:lned no tulftut'~tt~. 
were ut h!c.l~ tn theae fulaurat:e averaaea. It wUl be 
flh~ :la •ub~ent dlscustd.Mta that these Uftb ~re 
prob.ably brokeft prior. tu aSt .. wt h1' meehanlcal liLt fore~.- .. 
•~rt: ~treuh ~ul'rent. R:lMe ttwy tUd Dot carry ••Y arcln1 
curreat.. leeause of thi&" they are- not laclw!ed tn thtt 
"•• c()apl«i!tcdy at~d there Vtu• no d-o tv 
wt:aide O·f the The ~e.rall re•~dta of tbese te•t•• obta.tl:led 
a ltudy of tatd.e 1, are thr4!efold~ 
(a) \them a ruse abort circuU tclated RHr to ita r-rall(?l, r~tum 
c:o'Miuetor ae~~a fu•• U.nkt~ not fom fulaurat• dur!as thtl!i 
IIU.'crl• ]Mllrlod.. The majori of thea• *'no fulturat.e" Unk:a ar~ 
•oe:at.t on t:ntt ~:ldo ot the fuse nearest to ~~ r•t.urn 
coMuctor.. Tl"1:lr m.ab-er appt!!artl to ·tnerea•• 415 tbt' apera1t'l' 
of <t~ fUS:l'! t• frt('!r••••• U the link, thicktu!ust~ constant. 
S•• testa 4, s. 6,. ,and 9. 
(b) rrom TaM.o 1 tt :t~a.n be ~~ that ei•ht tt1l#t• (t~•t• 2 ttn~out;h 
9) w.re coftdu~ted t>~i t:b thv fvae• or.hmted In vartf,Na wa,.-s 
wl t:h teapect to itB nearb~ Tet:urn eoftdu.eta.r.. In •evtn.l 
teatt~ the •hlo of the fu•u neare8t to the retu'f:ft 
th••~ 
had 
thv lar1e•t aver•a• ful1urate fonut lMs. Tbttt ts, ht ~"~l•t 
can~ the sht~ of the feat'+ Marest to t~l ft"tu" c.,nd.,.t~:orf' ~Jlw 
th •"or·i.ty. The tlne exception vas t.ut .nth 7 ...... 
1600 aapt!l"e fu~e.. Takln;; aU td&ht tnta httc. cmt~hlef'.-<ttion. 
81 
u ~• he: ftid that iw. •at e~ tu ret-.. ~---
_.,..~'• t~ e..,..- Ml'f! f•:l • .-r~t;e to f.- ® tM 
fue ••~t to it. lc~M:'ef~th.lt tch:la eff•~t w:U l 
Uua loeated Mar to~;-...~ S.:l:e .. 1_._._. f\Jc~a,te 
fo:rMt:l.ona thaa et'-:1"8 fR tlw~.r !~late •t~:laltv.. '!hJ.a ·~ 
hole effect" .,.~. ·~.· ....... to be t'elated tc ttr. 
tt. retam. ~~tot< with I'Up«t tot.__. e.111·.. U'¥" 
~ • .,, Nlw a eff«t ~ tla f~~turau ""~"_. c~etJ 
f~••· 'r.able t. To tllMtr•te dda, t•.st• 2 
.... 3• aM tMtS 7 .. I. As· ...,_ :l• t- Hl~tlMi .ttqr-.. 
la 'fable t, the oaly 4Ufer~e het~ ~~- 2 _,. l ~ tate 
1 -·a (alu tr• tile fact that tMt f~I'U c~tot' .spaci-. 
4.bttaHe la l iac:h trNt.e't in 1 t.._ I) fa t'M Gi«<e _,. tv fue 
0:11 wkteh tbtl Mftti ltote la 1oeate:4. ta ~ ea• the ~ ~~· 
itt nu,rellt the retua c_,uetor, .- lu tile etke:1' U: 1• fat-.t 
froa n.. TM differe:m":.tt ~~ tM f•ltvate awrr.-a :bl• 
I'I'Uteat ._., tu aMMI ~le J• uar•t t.._ ut~ e~tft, itM 
least ~ tu aaact bole ta laTthNt fn. thtf retW11 ~t~r .. 
't'hia MY keWAt for tM faf!t tbat ta te~n. 1 ta- at• O:f the 
fu.st< fut ... t fl.·-. the r•t*WB eaa-tol' -.lw altaM 1? MY•'~' «'-
the othM' at••u ta thlB t'a•• the •retU'a ~t~tc •ffee:t• v•• 
.a11R'btly las tat.eulty thlm t:u ·~ ... 1.., efffll;t:t•" 
he SMell hy ~Niflll th• '«foi'CYac:e ef f•• •· '9, tw h: 
'fahle t vUh a !arae ....... of •• ft$;!1Uf'&t~"' u-... ·~"'~•IS'h\1 t.c 
tiM! perftlna.~tCKe cur.~t.t!te.riat le• pvhU~J._ fol' t'h;tJl part 6~ 
_,.,_.. tt sbou.ld ~· a peak tet-u_.n a:w:r~ lti,Gifi ~!:W!!·-
for tld.s id.ol't ctrcuU teet !a 'W'hl~h tlw afttlele '~'~~~~~ ~reat ·J• 
108,200 ..,_rf#a. U U~er, fros T:.! .. e I U :l$ ..... tNt t~ act•l 
,..a1t lat-on cunent fol' ••t •· 9 - *' 170,'* r u•~"•• 
ftftafon, lt .,.... tlat tile occu ... ol ._ ftala-ac.- lt.ab 
Ia .._flcul to r .. ,.., ....... at.. It ...U to ._ .... • 
f-18 ..... let•tlan CUI"nllt• ft1a naalt h tO .. f19'11C&tldl 
fta ._ ,....,ace• llllb did GOt -talll ~ •dill _. ...,. aot 
flleatrteall' Ia ••• r.. .._ anlll& ~. fte)' 41d •t pau 
_, antaa ctan'eat, t1M11 lbdtllla tile ,... cUI'hft& .. low 11118t .......W 
pa8 if ta., .... -ta!Md ai'Cl ... 
lt ., ..... tllat • ._ fullunt_. liak .eaan ..... a _.. apot 
la tile ltldL la brokea 1ty .-... leal ILl fo~aa atlllll oa tt. llat 
(tC'iOI' to •ltilla• The fact tbat t.._ ll&dal _,. ... u, '"'-
'' IU rw- dwi• tt. IIJM)rt cli"R'lt •••• _. •• Woa •• 
tt~at (Ia .... ,,of the fuaa, fol' t•tMee), u •lfleat fcc. Pta-e 
26. Ia tbls fipn ...... apot of a "• f...._ate" llldl fna fue 
•· 9 lc • ....._ beaU. • wa1c apot lll • .. lilak. lt Ia wttleat fna 
t1141 ccmdltt. of the ....m spot ta tbe •v f•lpnttt• lla'k tllat lt 
actwall' curted CUI'n8t _. .._.. to •It oat. ftua, It _. .._. 
.._ •nn. cludDa the 8hort cll'cult t•t ·a., ... ._._tcal tone 
actilll • lt. fte 11di'Op11 cl•rly vl1lble • ttr. .- ls..k (....._... 
oa tile ._ fat..,.ce• li.Ak) Ia • dnp of cu. tea ,.,.... ta to 
lllpi'Oft the OYftload .-fol'll•c• of tllla r- W., 101'111 .. • .tt• 
tla-atlva alloy at a t11 perattt:n coutcle.l'•ly below tlae tlllfll'&ttiN 
at wltlch atlvw .elta. fte fact tltat tlda till ...., .., panWJ' 
•lt .. IAIItuc. tut the llak cUd CII'I'Y .......... 
rna ,,....., 23 It c• be ... tllat r .. •· 9 e.n.t a ..... 
of allout 165,011 ..,... •• Pl'l• to •lt-aat. 1M -•- ltal ILl 
rcwc:. ntor to •lt-oat ca M •tmat., vtch tM au of the ..-lta 
prev1_1, calcalat .. ta lip PI• 1!:6. Ill tid• •rmrl• fonea 
•th& oa tile c.U.I' 1 ca. ._.., of •ch U.ak •r• calcdat.. la a 
74 u.a 4010 ..,.... r .. fOIJlttaMd 4 t/4 tae._ r..- tea ....... 
.. 
CDIIduccor carr,,., 3000 ..,..... fte -•- fOI'CI actllll oa .., ltak 
..... .e vaa f-.t to M 0.0211 ouacee, actt• oa lt111t JS. ,... •· t 
wa allo ,..tel_.. 4 1/4 taelrN fi'M thl dtlln COIIIItletor. ltace 
liM forcu ,_., vtth the -auan of euneat, the -'- ,._l'ble 
llak fcwce ill fue •· t ., ._ -~~~ aJIIIMitedl r..- tlla ....tt of 
.Ff$tUf C011par lson ( a ••no 
new lln (Ill nUt 
84 







Aa wwq-u.t:l eurr•nt •Uatributlon durfftl tile short c::trc.vit ea:n h 
ruhtd out •• an explaMU~M for the "return eomtuetot: eff~tet".. fte 
MXi~~U~ ,..,,_.try 1a eurren.t dl.$tl'lbutioa fer a 4000 •pel'e tua• 
poaUiHed 4 1/4 lftehq tr• U5 retura ecmduetor (aa i,n te:ttl •• 9) 
••• fouftd J.n !JY.IIl.ft. .. lt•..! t~CJ l»e 4 .. lS percent.. Tkla reault V(Ul 
caleulat• fol' a 60 aUematlftl current flmr'laa in t~ f••· 
Prce~ F:t;ur:e 13 it caa 'f! ••• that the tllibort c1reuit current n~tn~; 
tiM! 4000 ep~:re fuse of tut DC'" 9 t'O\llbly approJ~bllatu ~-halt 
&bQrt e :tr\~tdt. curren.t 
~~t !!!5!.1!-!!:! 
"""''"Pl!~nF t~Mdl-.. cm-ra.t diffet'ut>e f~ !t\ 
2!!!lWU:.!:.! •• calcelatal for a be ltMt rtud•.t•ee •. or tml• 
,.000581 oblllt~<.. U.rlna t~ are .q~hinJ: proce.se tbe ref¥1ataHe to the 
t:urr•nt tn eae~ llflk t• M.tcher tMA tlda.. f"or foatance,. 
tbe restatanett ea~h U.ftl In tM JUOO ~re f"•e of tefll oo. 4 ~aa 
too!t.d t.t~ tncr•a8a fr• ahout o. om at the --it'm~na of arclmt t~ 
attout 8 om-. v'h~ft the arc •• .. Tlwt aver•• rttaistau~e 
•s a~t 0,.,1 om.. The lta(t) l!'Utvt;, fr~ wM.eb the above value,_ ~r• 
••U••ted,. vas drmm ~1 p;lotc. tn~ (PUR VoltnaelP'Un t".urrent:) va .. 
ftu. PuN Voltate and fu..1e Current H a f~tioa ol t.a. wre obt~tfted 
fro• t!• te•t $K).. 4 o•eiH.o~rn.. ·n~,.,,, the averaae a:r~h•t. retd.sta~• 
more than 1000 tban val~• I• "-'"d 
a ~~,ra• value I ~u.:td, for all pract f1! 
purpoa!u!th •lmtnate unbala:nce i.n currnt d:bd:r!buUon la the 4000 
;~~~.pare • b~avae the aall re·t'Jrn cood~t~r htdueed tlnk volt~•• 
would lMl MIURible in eoaparl.aori: to the larae Yohq;e drop ·~ross 
tlwt arelftl re8i:attmce~ 
,or ttU.U.ar rea~o~~~. the ~ff-~t m' eurreftt d:h;t:d,tmU.Mt the 
Lor~nta f~r~e, oc lttUnaat.u.&err ., woui4 .el:se be ~l:hdble.. lft 
order for the Itt ln&*a.uaer eUt!oJ:t to M td.Jaffteant, the H,aft ,,._ 
pat;h ot an a f'u~t1!i I t!lllll'llt ~ on tM or4•:r of the l«"flJth 
tht~t I Irk.. 1ft IV-I It was unt ioned Utat th• av•raae M>aft fr•e 
~ath ~~ an «<l""t:tron tn a ~<m~Sut't.,-,r >411. room t~rature only 100 
Aftlidrm~•• wltlcb ta MRJ tift«& •borter than the bull;tb of the fu~e 
Unt.. heii'NH of tbit iacr~••_. rulat&Dee of tint Unl!.& d.:riftJ arc:infh 
the IUtaa free path of a• el~trcm :ia the 111'ks, f.a t~ven f'urthetr redu.eed 
darln& nrci•l• Obvf.outlly, tb• £tt.t,.shltuMr •ffQC!t caWJ.Dt ea\lst~ 
uMttuel ~.oJ"rent dt:etri~M.ition. 
A rMNn•le aplaaauoo fol' the '~retun condal::tor .eff'lct•• J;; 
tltre ~ehmd.~al SLt for.e•a actin& on the fil'4l''lit T'he m~chanteal fl)rt.:e• 
•x•rt~ em the ltnka bctfore uJt ... out abo act on tiM 1-.ltvidul are• 
durina .arciaa period. E.ac'h ate ha• a tenchmc,. t~ ... ow" ta the 
dtrctetlt:m of t:M force acttns upoo it.. In a fuae tHlJ~ted h·• H:.a 
return eoodu«..tor all &~tea ltave a t:ewle•cy to ·bow towa1:d the e(>mteT 
the rtu••· ht to a fu~N poaltiomtd near to ita retum e~uctor,., 
thf' ••ch.anteal for~•• due to tM· retum cce.d.uetor itave a tendene:t 
t~ b~ the are,• way fr• the return eondw:tor" lR rsaure 19 ta 
force v~tora ac;tlq on .a 4000 -.ere f•e poaU.iOfted 6 1/6 fuehea 
frOI!J return conductvr are dtatr,...d. lt can he JJe.en f-rom tile 
fl~uro that In tid• ea.M the awraae .ttreetlon of the are bows 
woul~ ~· away fr• the r.et&Am ;(!OOduetor.. lt ta fO•tJ:;latM that 
durtna thct are:l.q proce•• the'6• are hcv·~ have a tendoney to Re.tft 
(or pu•'h) a:re q-.u~nc:ldn~ fU1er .away fr• Uw return conductor. M 
a r••ult. the denaUJ of tlttt l'U.let' ~~ i!I'G&ter OR the aide of &:'he 
fu.-.e fartbllet fro. the retum coml'tetor. Th:h1 areat•r flller 4elts·lf:v 
h-13 a ~reattrr det.:mial._ and e~af.lttina action to ~ueMh the area., 
1'bv reeult Utls ts that t~e area on tho aide of t~ fu,q fart!wat 
frm~ the re:tUl'n. e~u~tm· are quttJM:hed fir11t*' and tbva tom le•s 
fu.l~rate. 
t t should •• m.enti~ that U: l~< e•rt.ataly po~t~ttbl_. for tm, 
lldA4 fUltll!r to aes.- an ur~•ul denrdtJ dutlD~t; arc!~., w~~:n if the 
fuse la aae.e4 to lte c:oapletelv ftdJ of ••• filler befon the aa.t'rt 
ctrcutt.. After the 88M fJ.ller "fw;ea" around tl1e .tU'\t:B tt oecu~tes 
tess apcice thaa Ia !t~; aranuhtr atate.. T1de lea:ves extra sp.-ce 
tbe •t••ed aMd to oceutJy, uklftM !t poa11lble for the saud til:l a~uu~ 
~treater ~hntBitr Jn fioae part& ef the fun tbau otherlh ''~ith thtl>1J 
!act he. •lnd1 t·fm a"ve H'Piaruui<m for the "rt~t.,rn ~~t!!'nthat"'t:ttr ~f t,.~e· 
t!•rtahd,. 4t'ltf>4U"5 tt• N pl~ot~U"l~. 
17 
M ,........, ........ tfMI ...... ·t.t. aft-11 piiiiJII IHI .... 
- ..................... ~u.a., ... -- ·~···---
l'el4itlw to * _.. ._... ....., ... a -.. ••••• •- ••••....._ 
itiUnlal to tiler .. ltrJf,. •••••• of tile tria'-.-. --•••• 
of tile ...... tiiiAI offect ..... ... .. ........ te • -•••J R¥11. 
•tau&a.ts-. -=ta .. ....-- _....,. -·••* •••• • tt. llab 
... tile .... lltole. ... .... , ............ .... , • ..... to .. 
Nlated co .......... fill• .... ,," la ... ¥klalt, ., ....... 
Wa ,_ to ILl 1-- • ..,... an ._..., fte •a,.Jtl'l.:& we 
......_ '*lela ldlht re•a1t r- 1M f.ct ._ ._ I.._ ..,. left -* 
of 1M,_. to_...._ f• • ... IlDia. ,.., ..... to .. -1t&6la. 
A pniNNa _,.l.act., f• die ..... ..a. Mf•t• u • loll .... 
~-~ ca. •a.. pr- •at•tuta. of till al1WI' ,_ llab ............ ~ ....... ·~ ~-·· _ .......... , ....... 
G'e1Jrl (_. .,...uatt.) c.tt•nra,. It u ·- tat ·dtb. - .. IW. 
up to a ,,..,..._. pner•• _. ....-.lly ,_... fl'l* tile '-· 1• 
..... - ·tta.. 1-.- ,_ ......... "0 ...... .. ...... ........ 
ead ead MU ...._ ,._ ... INIJ.I _. till tut.. 1M t.M Ia etdller 
~ or ..._.. to die ... a.J.I• fOI'Idlll a II ... pna••• -.1. 
Nil .._ It ,._lhle f• t ... ,.., ..... t.IM tlae f- to t.tld _, 
to • ldP ................... . 
a..t ....... ·-... tM ..... ttsrd pnrlul'• 18 the I I Illata 
viettdty af che .... lrlola vlll .._. a ,, •• ..,. te -.tat• Willi& &• 
................... ,_ t ........ llll .. l"tol' .,,_, .... 
tM ..... We eff•t• _. ..c te a. _._ • fact • ._ .. _.... • 
..._...., .... -•1• -.aa.ts- r ... •••• •••••••••· 
• 
• 
Ia the tw pnceldlatJ aectloaa, the effecta of tile obln c_._tor 
upoa law cul'na& ... blab c:ul'l'eat ,.._ ... .._ f.a¥e8ttaac•. Ia 
all CHell lt- fwad claat the cloae pr•lldtJ of a •-·· l'etlml 
coadtlctor W DD adwn. effect• upoa Dftl"all r- perf...._. All 
r .... tbat wre t•t• lntiii'I'Upt_. t11e •hen cll'cult properl1 vltllout 
rupttarilll ad vtdl puk let-tbn CUI'hftta at • ltelov the ,..,..._. 
... ._ valuea. 
Ia t11e c-. of 1dP nl'NIIt ...... It .,.. ,.... t11at elOH 
pnalait7 of tM retun CCIDII•tor pnMiue.S two Ill••••••= (1) 1M 
•tde of tile fue .... c to die Nttan .....__. bla tdtb alt.ptly 
&I'Mtft aenrlt)' (tile •retun c01l41uctol' effect")• ad El) - llnka 
«"• fulPI'ate" llllb) Vlll'e kolcM1 Wore ares., aa•Hd• proiNdaly 
.,. •cta.ieal au forea. 8dthel' of diNe p.._••n• ..,_ .. ,, 
affects fu• perfor•aac4t. All a uttw of fact, ,.._. t.. • ladtcatt• 
tbat tN occu....- of "• fulprate" lillb •wall' iliplovea r-
P•fo-.ce la that it r••• peak let-tbN can'e8t. 
Do e!feet~ of M~Mttc: fbdd8 Upml stead, I!Jt.ato tmd •hart 
cf,tcolt rose ?•rfom.Me hmrC!' l!etn imte11U1ated. ...... l.nfluenett of 
tM retW"'~ Ci~.'ft61CtOI' •aaaetle fhdd AM tM fitdd phd8CH k tbe 
~urrent fh;)l•.rl,. In th• fus• doe.s not aittn:Utcatl)' affect steady 
state fttH perfo~ee.. A pouible a~rse ef:f•et could result fr~ 
U:ttl brtJdkal•• due to •saott.:aHr pro4m:ed Unk forc«ull J.u::tlftl ovt!!r 
ute~oed p•u·t.~s t~.. b'roAJk&~e• w•dd* f.n eff~t, reduee 
the tAUnt~ the fue. which could e.nse it to btterrQt pr .. turel.y., 
fhe inf 1 .. U8tl~.e of the re:turn t':ODduet.or U~Reti:c f :le!d UJ)Cft tdmtt 
fu•• &:u~~rrfo:raanee doe• 'ftOt appoat' to blader pt'o,er fuae 
operation.. •~'lft!r~ in btgh ~urrent fu11es it doe• r~••lt ia th• 
l.ovina two phenouu; 
1. ''~o Pulsurat.~" Liat,t:h S~ fun Unk~, evidently brokea by 
-snettc f·orcfilH' prtor to Mh .. out, did not litt!11tain at"ch~f!!• 
fte M~turn Conductor lffect*'. The side .of t•he fuse close8t 
to th~ I'C~t:t'llrn co:nductor biev with a aUabt areater severh)f. 
Nfl!itber of the:t~e ph~ena adver•el' affects sbort cfreu.U:: fu•e 
per.fo.,..nc.e. 
ID aUMaey, atnettc ftetd• proeueed by the inte'l"'lal ~rrent11 
of a fut~e, oY by tbo curreot in t'ho returft cou.d~,tor, do not a~pear 
to produce arry ph~nttn wt!leh clearly lliudera pr~r fuM 
:perfo~"Wnee .. 
....., ·a..t.cd ........... .,.... ..... 1•••111 Mlttea• •• ...., 
............. Cit •• ., .................. . 
..... .,_ ..... IIIli I ... •••• lc. &.tl• .... 
lte••-· WillS. •·, .~c •• .., .•.. 
...... ll._.Ct ... ,. 
Vel't, Clllrrl• & ........... ·--· ...,..., .......... .. ...... , ~Ill _. GIIIIIIIY• 1-.4. 
Vttlaen, Je1aa 1. 1 llKtYieal ... ta.r., tile luii.IID ••• IMv., 
•••• . a tcatt. t• ....... T.. ldlult.a, Oct. 27 • l9JG. 
• 
Jolla "-- Sc._lta W1J Mn n Ap¥11 2, IMJ tD a.ct.ae, 
vt .... ta. le ncef.'ftlfl Ida prt.uJ edueatua ta ._.._ 
ua&l.l lie __. to looiWille, Jll...Wl ta lepc.~Mtr 1951. 
la -.111e M ncetnd t .. ~t.ader of Ida ,...._, 
educatloa aD4 ld.• ....._,. .... u.rc. la Sleptrat•r IHS . 
.. ... -.olled ttl t .. Uatvwatty of ........ , .... 1 •• ao1la, 
llleaourl fna vlltch be receiftd a laca.lH of Science hane 
ta B1ectl"lca11DP-l• ta JaM 1969. 
le 11M .._ ..-oiled ta tile Ck.._te lcllool of the 
hlverettJ or Mla...,.t•lolla alace s.,t_..r lHt. Por c• ,_, .. S.,t-.r 1969 to J ... uy 1970 a. .. _,to,... 
b)t the UD!veratt7 of -....t.aolta • • a...,..t• autsc.t 
ta the 11eet'1'1cal laataeel'hl Detart;MaC.. Ia J....., 1970 
• 
lie recet¥811 t._ IU8rana Cl-aduta St.Snt -..rch 
hll..,.htp vhlch .. ._1d •ttl J.....-, 1971. 
'' 
T~ ft~'ll•!ftl fl"Mt;:raa IV ~~t,•;r· Pl'OfPM ~ 
"""''~~~'~~<·,.,"'- in • • 
Q~~~t.eJII(:* fr"• retum ~·~~•!¢:tt:~:r 
tbt• t._•la fot" th 
10 
~~ABU, .,»(1) 
WlUft(l!>liO). ~(U .,DO) 
DU)• D:(U*:S .. 1415/110. 
10 QMrl'ttfW 
~ ~(lfl0.4) 
{! ~tM.TIOI B(J •. J) Mi.ftlX 
DO .!.l .R 
DO 20 .,1 
lf(t-J)I. 1 
1 au t\J)•~T((t.(tl~(aU -s 
1S(J)•i.I:8(D(J)) l~*.l) 
l(J.U• R(l ,.t) 
to Ct'lfrtMtt 
~u cmrrr .. 
c 





Cl • CMPLI(O.,I.) 
DO 11 1•1,1 
10 19 J-1 •• 
••<t-J)6,5,4 
5 A(l,J)• II 
GO mIt 
.. &(I •• ,U• o. 
19 CCJftiRI 




10 21 t•l,JJ 
A(I,J)• •l. 
A(.J,I)• 1. 
28 QlftiRI &(Ill,.,. o. 
1(.)• CUD 
VU!I(J,401) 
., 29 1•1,8 
11(1)• IIAL(I(I)) 
Sl (I)• ADIAG(I(l)) 
_, 10 .s-l,WI 
All(I,J)• A(l.,.J) 
AI (t.,.J)• .A(I ,.J) 
30 QJIIIaUI 
29 Qlftl .. 
CALL ._(Aa,IR,R) 
CALL ._(Al,Bt,ll) 
DO u t•t,a 
1(1)• CIPLI(IR(t), 11(1)) 
35 ClWIDUI 
DO 90 1•1,1 





510 POIIIl'I'('CCIIIIIII"" ___ 1• Lta• .,12,' • ',11'10.5.,' + J' ,li'II.S. 1 • ',1Pl0 
t.s,• ..._. • '•'"·'·' ...... ,, VDW(s,sou awa 
501 .....:r(/J'TIOJ& G.,.......,,......,._ II '181 ... • ',JPIO.S,' + J 1 ,1PlO .. S,' lilt 
lPIIIS') 
VOL- CXIU(R(R)/M(III,a) • Bl(ll)/&1(•••)) 
Vll'I'I(J.5CI2) VOL 





IBIOU'I1B UIIS(X, I, Ill) 
C SOLUI'IOI '1U A IIAftiX BY GADBIIM BLIIIIWATICII 
DJ .. lOI X(20,20), Y(20) 
Ml• .. I 
1111• 11-1 
IX) 50 l•t,ll 
ltl• 1+1 
lF(AIS(X(K1K))• IO.I-J0)16,151 1S 
16 DO 17 L-C,Hl 
IP(AII(I(L,K))• 10.1•30)17,331 33 
17 Qllt!IIUI 
33 CDII"UII 
DO 52 LL-K,JU 
XOI,LL)• X(I,LL)+ X(L,LL) 
52 COIIrDII 
Y(K)• Y(K)+ Y(L) 
1s CORrta 
DO 49 1-Kl,Kl 
47 COifta 
Ia X(l.,l) /1(&,1.) 
Y(I)• Y(l)• (X(111)/I(K,I))*Y(K) 
DO 41 JwK,IIl 





10 55 1•1,111 
'' CDrriiiUI &-Ill 
1111• lt•l 
.... 2 
,, IX) 60 1•1,1111 




61 ... 1-l 
IMJ.• 1.•1 
.. 1'0 ,, 
62 CDITIIS 









I • 0 I 1111111 
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1 I I 
I I I I I I 1 I 
• 
..... Ia. 
fte follovl• Fot'tr• tY cJ.,uter proar• vu witt• to cc.pute 
tlae cuft•t 41atrtkc.loa In • -ltl•rtaa fUM l•lated f.:. Ita nttan 
conductor. (The unequal CUI'T8Dt dtatrlkttoa that reeulta tn c.hta 
c ... ta called atc.tn .rrect.) see ._,I. J!::lla tile bodJ of t•t• 
t11aala for the 4et:l¥atloa ad cleacrlptt• of thte Pl'OCI'•·· 
C: 1'111 c::A141JL&TICJI Of SKIR RffiC'f Ia A 76 ..._, 3 URC, 4000 Mill I'IK c 
C DUUIITICE OP VAIIaltll MID CCIIItAftlt c ~~~aa 10. or lliiCS 
c a<t>• 110. or BLRIIIIrs 111 Ide 1 
C II.C(l)• liB CIOSD ltllal' II UJC t 011 WICH c:.t.LC:IIATIOIS All Will c .... ,. 01' uat ..... ll.lltal 
C CUll- TOI'AL CUIIIft II 111 IUD 
c a- LDGIII or &ACB nsa ILI'IIIIT 
C a- llllSDBCZ or IACH IWB ILIMD'1' 
C Sl(ll)• UDIUI or QJRG II 
C Dl(ll)• MIGULUl SPACIIC OF BLIID'rS 111 UIIG tl c a(J.,J)• UftUICI ,.. ILIIEtlr 1 m a.aaT .r 
c 
COMPLI3 I,I,CXIIST ,CUI&,CI,CJ t WL101'Ll 








101 fOIMI!(/// 11liPUI lirA'/) 
102 JOIIIAT(/) 
Jri'Ot'a 0 
DOS 1• t.n.c 
1111(1,100) RR(I) 
1101a R(t)+ nvr 
'Qlftllllll 













DO 10 11•111118 
..... (.11)+•• 
1111(1,210) 11(11), Dl(ll) 
YRtiB(3,20D) 11(1l),Dl(tl) 
ss-o 
DO 40 t•JOwiPM 
1(1)• Sl(tt) 





DO M t•1 1lft0r 
D(l)• D(1)*3.141S/110. 
30 COftiiUB 
DO 21 11•1 ,IRC 
I• IIRC(Il) 
DO 20 J•1111'0! 
tf(t-J)1,2,1 
l l(lt,J)•SQft((S(l)*COJ(D(l))•S(J)-mi(D(J)))**Z +(S(l)*Slii(D(I))• 
II(J)e&li(D(J)))**2) 
co 10 20 







C •r. OIP RIAL COIPPICIDT MATRIX A(t,J) MD a.LD COUM 1IC!Oit B(l) 
DO 4 J•l,IIIIC 
llqY(J)• 11/III(J) 
QJIIT- -c.J...,.(CIIR/li1'G'r)*ll*60.0 
lw CWLX(O. ,0.) 
DO l 1•1,1110T 







DO 7 l•l 111G 
DO 6 J•l,IIIO 
lP(I•J)ll119,11 
18 A(I,J)• O. 
GO TO 6 





C 101.1r1• 10 A_,.. IY UIIIW ......... 
c 
DIIIISIGI &(12.12). Y(ll) 
..... l 
.O••t 
• stlt•l •• 
ltl ... l
tP(III(X(L.It))• tO.I-J8)16,1S.lS 
16 •tJ LC •• 
IP(MI(W(L.I.))• 10.1-»)IJ ,».» 
IJ ..... 
33CIIII181 
• 51 'L'L« •• 
X(C.LL)- X(&.t.L+ J.(L.LL) 
-
52 C08UIIUI 
Y(K:)• Y(l)+ T(L) 
15 GJftDVI 
10 ., 1-Kl,Kl 
47 cx.IDIIB 
._ X(I,K)/X~1K) 
Y(l)• Y(l)• (X(I,Q/1(1.,1)).,.(1) 
., 48 J-1,111 










6.3 10 60 l•t.aa. 











































































































































































































~"ll"li~- U!i,.1~·.i>~'ll• ·OD t~ ~OUfil' •t ~~ *" ~t 
·"'"'""'.,_ parallel t~ 
10 ~~·· BADU .,JOO) S(tl .• Df:U 
Wllt'i() .• 400) t .,S(t) ,..D(t) 
bUl• })(l)/(llt./:!J.141') 
JO CO:m'lWE 
300 ft'fi*T(JJI'l0 .• 4) 










'llw ......_. «•• .... tiM t• • _,._._ pvSIIa all 0. 1....-. 
Ktt .... • elec:traa ID • rdc&l"le ..aJ• ••ttle fleU. 7lw 
..-tloa I• •hbd ID we·&• r ... u foil-. 
t • ,I + cacJ a I) 
..._.. f • tile J.onata ,_... ••a. • • •*'- C•••••) I . t~~t ...._.or .. .s...- c-• ,,, • .a-Die flldd ..... , .... ,_ ... ,
" ....... NJGclty of , ..... ._ _, __ , 
I • "llf'l&ie fleW .._.,~ , ...... ,....., 
... _... ... to ....... ZJ with el110tt"k _. .... attc fi.W. • tin• 
the ••• ..-tt.• .. w ••••• to tt. fel....._ ••S. ••uat:'-• ...... 
r., • •.•. 
,, ... - • Ia • clinet...., 
(f-- - • - ., dtnc&l.at 
'· ... tile f..Sl'- ·-- dlilt ·--......... ,..., ta ...... .. 
.. to- t ......... , ....... ,... .......... .., ..... -
Ia...-... "" ., tile ...... , • ..... ... Ia ....... .
............. - ..... , ....... ,,. , .......... ··--.. • ~ee~: ... 
fl•• Ia ...... IJ tiiM f-- •, tn. U ..... eltDIIIRI _. to .. 
d.l1lt au. of ... Clfll• t1t111 •••lal .._ .. .,.._, (l) -. WI 
lfft~et._ (2) a. Dtl•--••• .,, ... _. ,0) ftllt ••drtrteal .....-
,_.. .. ....._.... 
U..,... v.a • ., PP• HJ.J!I 




.I • I u • a .! ! .... • = 107 
AD electi'OD ta tbe copper •lwet of Pipre 27 _,_ ...... • tone 
Ia oppo~~ltl011 to ttae Lol'eata fol'ce r1 • ......._. ...,. • ._1,, tile 
coul.e. loa-ce (tile force of attraction .. _ • electi'OR ud itll 
posltlvc loa) t_.a to raise aay laqe cllaplac••t of tbe electrou 
fr• • equal electl'• 41etrllllutioa t ........... t th ..... t. Ia otlael" 
•~"~~•• ltecaue of the coul_. fOI"n tile el•tr- .,_,,collect oa 
tile rtaht ectae of the alalt. ...,.._, a ve17 •laute dl.,l•••nt 
cloe8 realt llYlaa rS. to a vole- aci'Oae the coppel' a11Mt 1 t.e. 
Y1)Yz· Thl• volt ... ., 1aaCMI •• tile Hall effect wl._, Ia atated 
• foll.,.. 
(D-4) 
vtten «a • the Hall Coefficlet~t 
1'o •••• 1111 w-f' of the -·!tude of , .. lall "''- ..... tile 
follovlq co..Sltl- OR the copper etleet of Flpl'e 27. 
•• • .ozs ... 
' .. , .. , .. 
0 
18 • 1.2 veMrl•tel'2 
Ia • 100 _,.,.. .. 
Kat • -s.s • to-11 ,....,,_,_.,.._ for copper 
2. Dl ltii .. MM' lffes' 
s- e141Ctrau la tile copper .._t of Pbure 27 vlll IMt trllftllaa 
faster thaD the .,.. ... vel.oclty •a _. .- elouer. I4J etattld Ia 
14. D-3 the faeter eleeti'OM will -..rl.ace • t~r•tea- l.on:at• force 
r7 tllen the altMir electnM. au., tM fut electi'OM vlll aca.~late 
oa the rlaht side Df the .._.t aad the slaver .... on the left elde. 
Tlie faster a electr• b trawelttll the areater c_,.ncun It vllt 
.. ._..,.. 'fteNfOI'e, the rtaht alcle of tbe ..... t: vlll ••- • allahtl7 
I~ J
 ! I .
 
f J























































































































































































































































































vbere v0 • fr• .,. .. value of ,.1'11Mblltt7 
12 • curr•t bl conductor 2 
r • dht&ace f..- centar of COIIductoJ: 2 
where 'tl r-ei • u0 12/2 • d 
L • l-ath of coaductor ..... t 
11• current ta coaduetOI' 1 
(D-7) 
(8-8) 
1'lle Fol'ce r2 .., ._found ta like ....... Got.ea kelt to Btl• D-3 
lt c&a be • .._ that tbe tvo COIUiuctora of rt.aue 21 t_. to 
••r•t• tf 11 and 12 are l• o,..tte 4trectt- ...S tend to attract 




.. c, .... 1 ... - ...... - wk ..... -- ,,, .... - ...... 
cibl8f.t ...,..... • ,...._ Ia.•- ,_ • ,._. ... ••••r•• 
.......,... tM ..... Clndl .......... -···· ... _. Clllld .. 
vtdl , ... Ia ,.,... ~ ... .-tteal ••• , ... Jlllti-. 
lhDI"t dndt atri!IRCI 1111&111 tc. J,MAI - ..... - ~ 
u•• Vitia .,. clnalt •l••• •••- ,_ 1• wlta • HI wlta. 
A lletlllt of .... t .. •. _. __.,.._ _. .._ nllldta I• _.. 
__ ,~, of ............ 
w:ltl& - m srta • dldl' tllpllcetlrns. 
1. .,_ - 5 .... ,_ -..... ............ wlla. 
a- t••• .....nicdlJ' - ...... , ...... .. 
l• -.w ~lJ' wt6 LC. (...._ •••••&•) • 
, .... -..... -.,. 
1• C.let ~~,. •• ,.,.. •• c. 
1- .. ,. -••••••JJ,. r ,_ a.c. 
1- ..... ~~, ... ,_ •• c. 
1- ...,. IIIDI't-.117 Ill' ,._ a.c. 
- Sat•l'tlft.U. ........ ,_- , ............... ~ 
....... alllt*lJ' ... ,....__ , .. ,.._ • 11111 '· an ..... w.. 
WTN for die -.t ,...c .,_crlcal. 
2. 6- 410 111..-. ,_ .._ .. •' •·• ........ wlte. 
1- ......... ledl,_ ·-..... .. 
1- •••• ........._.,,. •• a.c. • a. ...... 
1- , .... ~~, •• ,.,. a..c. 
J- ,__. Y r 1.- a.c .. 
1- &eKfll ~~, 1•• , .. a.c. 1-...., ........... ,, .- .,._ a.c. 
1'111 ,_ ceetrll ta • ....-ttcal ,...,._ • tile cr.t ••!11'11 _. 
t .. -. .... ~lJ Y" f ....... t.C .... S)llllh:leal 
tatel"niPtl-. All ...... ,_ W ... fall BIMF • ·tilT ... ef .... 
3. 4- 400 _,_. r ..... t•c.J at U,OGO ..... • 610 90lta. 
2- cute~~ llorl-...tally wldl a.c. oa , .. ,.... ._ Ptpn tt(a). 
2- t•t• hol'l .. tally c.• r.-- a.c. - ,.._. lt(a). 
All r .... ...._. •n rula•ate ,_..,,. at ta. top of tile r-
oa U.lllr.a 5 _./OI' 6. 
4. 2- UO ..,... f_. t•ted at to.ooo ..,.. , 600 wolta. 
1· t•c..t llol:lzoatall' vlth a.c. • tile cu1ae a ••• a rtpn 
290). 
1• cahill hftt .. tally vto a.c. tt• ''~'• e•t•J ot r.... -naun 2t(la). 
loth 1.- • ._.. •~"• f~tlprate foCMtloa at the top of tt. 
f-aallab5ucl6. 
s. 2- 4180 ...,_. fqa t•tiMI at J,54D ..,.., 610 wolta. 
z ... tut• hocliiOilC.lly a • .._. ta rq.n Jt(a) vlth a.c. • 
tile tulle. 
loth I•• .....,... 110re fulpl'ate ro ... tt. at die top of tile 
, •• - llab ' ... '· 
6. s- 400..,.... fUIIM teahd at 7.54D .., ••• 101 volta. 
2· tuted vertlcallJ vltll tile a.c. oa the ttiM u ...,_ b 
,._.. 29(o). 
z ... ceat .. vertlcallr vttlt tha a.c. 4" , ... ta. eeater of the 
~-. IN ,.,.. ... 2t(e) • 
1- , .. , .. ftl'&leallr vltlt , ... a.c .... , ... tile .... of till r-. - rt.-. D(c). 
All r._ ...... laqft f•Jav•te ltat.W ..,. oa elt .. r II.U J, 
s. or 6. All •-• ...,.. 1&qe •tid .,. •• two • .,,.. of tile 
....... -ttoaed u.-.. .,.. ... , .... ...-..cor •w aot ... co .... 
_, eff.:t upoa the !oeatt011 • _,,.._ of tt. hlltl .,.. 
lU 
1,. 400 gperflt fustts u~;~tett •t 1" ''*0 qpa.. • 600 volts. 
ttlat.ed ••rtlC'a.ll:" as ;~how ltt Ptaure 29(d) w:lth a .. c. on the 
tuk,. 
l· te:ated vertically wi.th t~ a.-t~ 4" fro• the emattu:c the 
tU$lll! ~ lett Pta•• Jt(d) " 
1- t(>!;lte4 vertically wltb the a .. c.. 48" from the eenter of 
fuae.. f't1ure 29(4) .. 
All fw;ea a~ lal'tar fulflul'ate build ups on ~ithel' t .1, 
or All fua-e.a •h~ lat" wUd ••P• on t~ or JtOte o.f the 
abt1Vf! Uu.k.5.. ae-. to be n.c l"'nJ~Pa 
tbe ret:ur~ cotma1J!C 
ALi. "f'UW..U 1l.AV! FACTolV 
QUIICIUNG FILLER. 't'IA:'t HAW f'U,t,tc I!Y~D 
FACT01tY LEVIt VILJ, J! !101'10. 
S.. lG- 400 •per• fullet~ testfftf at !6, SOO aaps.. 1SO volt.s .• 
tetU;.ed Yfll't 1cally as ln 'f'iiUI'IIfJ 29(b) W:U:b t .. t.. tm tu.Q' 
tuk. (PtU.!D WLL) 
1• te#ted ve-rtically vlth w.c .. 4"' fr• the cetu:er of the 
See Flpre 29( b) • (FUJ£1 FULL) 
tt~~;~t_. verttcau,. • uhovn bt Pi&Dre 2t(e) vU;n R .. C. oo ttwo 
tube~ (PUA.ID PULL) 
1- te~t_. 11erU.eal.ly with a.c .. !\• frna th11 center of tl:wt f~e. 
Se• rtawre 29(e) .. (Pn.um rm.L) 
horllo~tally c~ d~ t••n 'boal"d~ See Plture Z't(f). 
(,AC'rOIY ,U.U:t.D) 
ttHU:il~ horiMDtally Oft the te.~:t ooard.. Ftaure 29(f) .. 
(FILtF.D FULL) 
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All te.-ted the ver-tf~al po~itlo•s $ho\tm ln PlJCUI"t!' 29(h) 
rs.,re 29(1!) ud aUahtly htrter ful1•.srare forut lon~J on. aoe or 
•re of ttm fol.low.btg U ... tn L!nka 3, S, or 6. Tltet"e appear~ 
to ~ _, eorrelatton betv~n tht'!' flil&urate buUd u,s ami the t hm 
the r~turn (tOnduc:tor .. 
The two fador,. ftUe.d fuHa M.owa ln tl\e test ,OtJUtou b.ad 
14raor fulgur~u:e fo.J'IUIU.onli at the top of the fuse.. h1 eael' eaae 
t1• large tulaurate fonu.Uon on Unk 2 charl'~ tho tube.. The tvo 
led fu•• bl.mm i.tt the te&t I)Oi11.tloa, ~~r .. tUd aot: haY~tY uy 





ptpn 29. fte •:1& lla 401 _,.re f ... t.• •• poetct....t nlatl• 
to It• ret_. ...S.Ctor ta ••ioaa ~eM coaf~l-. 
fte 41at•ee of tile ret•n c•••ter f..- tile , _ _. t'-
orl..Cattoa of tile f- (ettiWi' llod-tal or Wl'tlcal) 
•• .,.srt• t• the,, .... ,.,. or uct. t•t· 
l,. Vtu~n all th~ testa ae~ t~'Gstj!!l~~red _,,_ ... ,. to ~e DO 
(!3f'~~lati~ between the tlm bu·a• fv.lsurate 
fonutloua •rul the pocd.tlon of t ... r~tum ~oMuetor.. Ttma, 
it cu be ~oaelu4~ that th,tf poaJ.t.l.on of the rt."'tum eo1M1.~etor 
tuu~ l if ay eUee:t t:be: tnterruptioo ,euraet•r 
tld.• 400 MP*:t'e f~lfff • 
2. WMo. the tu&e: (f•ctory f.UhM) v.a .. teated a 
~ttlttn ami an uM,.catrJ(:~l. blew t>eolttl'4, Ute U.akt ne.ar 
t-~ tQp tim thout lar-t•r 
fon.Uotu~,. 11da pheUMr.oo app.e•rtll to t.Je r~! .. ed' 
is fu.-thef' f:l.U.t with Jler. (So test ao. 1 .. ) 
